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HIGH AFFINITY BINDING SITE OF HGFR
AND METHODS FOR IDENTIFICATION OF
ANTAGONISTS THEREOF

This application is a continuation of application Ser. No.
12/465,307, filed May 13, 2009, which claims priority from
EP Application No. 08103958.8, filed May 14, 2008, the
entire contents of which are hereby incorporated by refer-
ence.

TECHNICAL FIELD OF THE INVENTION

The present invention relates to the area of the hepatocyte
growth factor receptor (HGFR) protein. More specifically, the
present invention relates to the identification of the high affin-
ity binding site of HGFR for its ligand, the hepatocyte growth
factor (HGF), and methods for the identification of antago-
nists of HGFR targeting the high affinity binding site of
HGFR.

BACKGROUND OF THE INVENTION

The hepatocyte growth factor receptor (also known as Met)
is a tyrosine kinase and is the product of the c-met proto-
oncogene. It consists of a 50 kDa a-subunit and of a 145 kDa
[-subunit, which are linked by a disulfide bond, the a-subunit
being completely extracellular, while the $-subunit includes
(from N- to C-terminus) an extracellular region, a transmem-
brane domain and a cytoplasmic tyrosine kinase domain. The
mature o/ff hetero-dimeric receptor is generated by pro-
teolytic processing and terminal glycosilation from a 170 kDa
single-chain precursor.

HGF, also known as Scatter Factor, is a heparin-binding
glycoprotein with a broad spectrum of biological activities
including cell proliferation, motility, survival and morpho-
genesis. It is synthesized and secreted as an inactive single
chain precursor (pro-HGF) that is stored into the extracellular
matrix due to its high affinity for proteoglycans. Pro-HGF
undergoes proteolytic cleavage at residues R494-V495 to
give rise to the biologically active form, a disulfide-linked o/
hetero-dimer, where the a-chain consists of an N-terminal
domain followed by four kringle domains and the f-chain
shares structural homology with the chymotrypsin family of
serine proteases. The [-chain, however, lacks proteolytic
activity since two of the three critical residues that form the
catalytic triad typical of serine proteases are not conserved in
HGF. Despite its inability to signal, pro-HGF binds to Met at
high affinity and displaces active HGF.

Recently, a number of structure-function studies have shed
some light onto the interactions between the extracellular
portion of Met and HGF.

The Net extracellular region has a modular structure,
which encompasses three functional domains: the Sema
domain (present also in Semaphorins and plexins) which
spans the first 500 residues at the N-terminus of the protein
and has a seven-bladed f-propeller structure, the PST domain
(also found in Plexins, Semaphorins and Integrins) which
covers about 50 residues and contains four conserved disul-
fide bonds, and additional 400 residues which link the PSI
domain to the trans-membrane helix and are occupied by four
IPT domains (Immunoglobulin-related domains present in
Plexins and Transcription factors).

HGF is a bivalent ligand, containing a high affinity binding
site for Met in the a-chain and a low affinity binding site in the
p-chain. Cooperation between the c- and the (-chain is
required for the biological activity of HGF; while the ct-chain,
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and more precisely the N-domain and the first kringle, is
sufficient for Met binding, the f-chain is necessary for Met
activation.

Resolution of the crystal structure of the SEMA and PSI
domains of Met in complex with the $-chain of HGF (seei.a.
WO-A-2005/108424) revealed that the low affinity binding
site for HGF is located in blades 2-3 of the -propeller, and
that the portion of HGF-f that binds to Met is the same region
that serine proteases use to bind to their substrates or inhibi-
tors. Importantly, determination of HGF p-chain crystal
structure at 2.53 A resolution and specific mutagenesis analy-
sis unveiled that the residues involved in Met binding in the
activation pocket of HGF p-chain get exposed only following
proteolytic conversion of pro-HGF, thus explaining why pro-
HGF binds to Met at high affinity without activating it. While
the low affinity interaction between the f-chain of HGF and
the Sema domain of Met is well characterized both structur-
ally and functionally, at the moment it is not clear what region
of Met binds to the a-chain of HGF at high affinity. Thus, the
main mechanism by which HGF activates Met still remains
poorly understood. This is somehow surprising when consid-
ering the great biological and therapeutic importance of this
pathway.

HGF-Met signaling is essential during embryogenesis and
in tissue regeneration in the adult life. Importantly, deregu-
lated HGF-Met signaling plays a key role in tumorigenesis
and metastasis. Inappropriate Met activation by different
mechanisms including autocrine HGF stimulation, receptor
overexpression, gene amplification and point mutation is
described in a wide variety of human malignancies and cor-
relates with poor prognosis. These findings resulted in a
growing interest in the HGF-Met pathway as a target for
cancer therapy, leading to the development of a variety of
Met/HGF inhibitors. These include small molecule com-
pounds targeting Met kinase activity, neutralizing anti-Met or
anti-HGF antibodies, decoy receptors and HGF-derived fac-
tors. Nevertheless, whether such molecules target the high
affinity binding site for HGF and which is the exact molecular
mechanism at the basis of HGF binding to Met at high affinity,
remains still unknown. This may prevent from isolating more
selective therapeutic agents, with increased sensitivity and
fewer side effects. The exact knowledge of the Met high
affinity binding site for HGF will certainly help to design
highly specific antagonists of Met.

SUMMARY OF THE INVENTION

The need is therefore felt for improved solutions enabling
the identification of Met antagonists with increased sensitiv-
ity and fewer side effects for the development of more effec-
tive therapeutic strategies for the treatment of cancers.

The object of this disclosure is providing such improved
solutions.

According to the present invention such objects are
achieved thanks to the solution having the characteristics
referred to specifically in the ensuing claims. The claims form
integral part of the technical teaching herein provided in
relation to the present invention.

Thus, object of the present disclosure is the identification
of'the HGF high affinity binding site to the hepatocyte growth
factor receptor (HGFR), i.e. the extracellular IPT-3 and IPT-4
domains of HGFR. A further object of the present invention is
to provide means for the identification of antagonists of
HGEFR targeting the high affinity biding site of HGFR for
HGF for the development of new therapeutic strategies for the
treatment of cancers.
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In an embodiment, the present invention provides for the
use of a polypeptide comprising, or a polynucleotide encod-
ing at least the extracellular IPT-3 and IPT-4 domains of
hepatocyte growth factor receptor for the screening and/or
development of pharmacologically active agents useful in the
treatment of cancer, in particular a cancer with dysregulation
of hepatocyte growth factor receptor activity.

In an embodiment, the pharmacologically active agent is a
hepatocyte growth factor receptor inhibitor and/or antagonist
and can be selected among small molecule inhibitors, aptam-
ers, antisense nucleotides, RNA-based inhibitors, siRNAs,
antibodies, peptides, dominant negative factors.

In a further embodiment, the present invention concerns a
method to detect the ability of a test agent to act as an antago-
nist/inhibitor of hepatocyte growth factor receptor useful in
the treatment of cancer, preferably a cancer with dysregula-
tion of hepatocyte growth factor receptor activity, comprising
the steps of:

(a) putting in contact a test agent with at least the extracel-
Iular IPT-3 and IPT-4 domains of hepatocyte growth factor
receptor, or cells expressing at least the extracellular IPT-3
and IPT-4 domains of hepatocyte growth factor receptor,

(b) measuring hepatocyte growth factor receptor activity,
function, stability and/or expression, and

(c) selecting the agent that reduces hepatocyte growth fac-
tor receptor activity, function, stability and/or expression.

In a still further embodiment, the present invention con-
cerns the use of the extracellular IPT-3 and IPT-4 domains of
hepatocyte growth factor receptor as a medicament for treat-
ing cancer.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will now be described in detail in
relation to some preferred embodiments by way of non-lim-
iting examples with reference to the annexed drawings,
wherein:

FIG. 1 shows the engineering and purification of Met and
HGF subdomains. (A) Schematic representation of the engi-
neered proteins used in this study. Left panel: engineered
receptors. W.T. MET, wild-type Met; EXTRA, extracellular
portion; INTRA, intracellular portion; SP, signal peptide;
SEMA, semaphorin homology domain; PSI, plexin-sema-
phorin-integrin homology domain; IPT 1-4, immunoglobu-
lin-plexin-transcription factor homology domain 1-4; TM,
trans-membrane domain; JM, juxta-membrane domain; KD,
kinase domain; CT, C-terminal tail; E, FLAG or MYC
epitope; H, poly-histidine tag. The red triangle indicates the
proteolytic cleavage site between the a- and p-chain. Right
panel: engineered ligands. W.T. HGF, wild-type HGF; ND,
N-domain; K 1-4, kringle 1-4; PLD, protease-like domain;
UNCL. HGF, Uncleavable HGF. The asterisk indicates the
R494Q amino acid substitution in the proteolytic site. (B)
Coomassie staining of affinity-purified receptors and ligands.
Each protein group (Sema, Sema-PSI, Decoy Met; (See FIG.
1B, top left panel); PSI-IPT, IPT(See F1G 1B, top right panel);
HGF-a., Uncleavable HGF, HGF; HGF (See FIG 1B, bottem
left panel); HGF NK1, HGF-f (See FIG 1B, bottem right
panel)) has been resolved by SDS-PAGE in non-reducing
conditions and is quantified against a standard curve of
bovine serum albumin (BSA). MW, molecular weight
marker; kDa, kilo-Dalton.

FIG. 2 shows an ELISA analysis of HGF-Met interactions.
(A) Binding of Met sub-domains to active HGF. Engineered
receptors were immobilized in solid phase and exposed to
increasing concentrations of active HGF in liquid phase.
Binding was revealed using anti-HGF antibodies. Non-spe-
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4

cific binding was measured by using BSA instead of purified
receptors in solid phase. (B, C, D) Binding of Decoy Met,
Sema-PSI, and IPT to different forms of HGF. Engineered
receptors were immobilized in solid phase and exposed to
increasing concentrations of MYC-tagged active HGF, pro-
HGF, HGF-a or HGF NK1 in liquid phase. Binding was
revealed using anti-MYC antibodies. Non-specific binding
was measured by using MYC-tagged angiostatin (AS) in
liquid phase.

FIG. 3 shows that IPT domains 3 and 4 are sufficient to
binding to HGF-a at high affinity. (A) Schematic representa-
tion of deleted IPT variants. Color code and legend as in FIG.
1A. (B) ELISA analysis of interactions between IPT variants
and HGF-a. Engineered IPTs were immobilized in solid
phase and exposed to increasing concentrations of HGF-a in
liquid phase. Binding was revealed using anti-HGF antibod-
ies.

FIG. 4 shows that IPT domains 3 and 4 are sufficient for
binding to HGF in living cells. (A) Schematic representation
of'the deleted MetA25-741 receptor. Color code and legend as
in FIG. 1A. (B) Surface biotinylation analysis. Cellular pro-
teins were immuno-precipitated (IP) using antibodies
directed against the C-terminal portion of Met and analyzed
by Western blotting (WB) using horseradish peroxidase-con-
jugated streptavidin (SA). The same blots were re-probed
with anti-Met antibodies. W.T., wild-type; A549, A549
human lung carcinoma cells; MDA, MDA-MB-435 human
melanoma cells; TOV, TOV-112D human ovary carcinoma
cells; Empty V., empty vector. The p170 band corresponds to
unprocessed Met; p145 is the mature form of the receptor. (C)
Chemical cross-linking analysis. TOV-112D cells expressing
Met, s 74, (Met A25-741) and wild-type TOV-112D cells
(W.T. TOV) were incubated with HGF and then subjected to
chemical cross-linking. Cell lysates were immuno-precipi-
tated using anti-Met antibodies and analyzed by Western
blotting using anti-HGF antibodies. Arrow indicates HGF-
Met,,5.74; complexes. (D) Met phosphorylation analysis.
TOV-112D cells expressing Met,,5_,,, were stimulated with
1% FBS as a negative control and with equal amounts of HGF,
pro-HGF, HGF NK1 or NK1-NK1. Receptor phosphoryla-
tion was determined by immuno-precipitation with anti-Met
antibodies and Western blotting with anti-phosphotyrosine
(anti-pTyr) antibodies. The same blots were re-probed using
anti-Met antibodies. Arrows indicate bands corresponding to
Met,,5_74; or immunoglobulins (Ig). (E) Schematic represen-
tation of NK1-NK1. From N- to C-terminus: SP, signal pep-
tide; ND, N-domain; K1, kringle 1; H, poly-histidine tag.

FIG. 5 shows that soluble IPT inhibits HGF-induced inva-
sive growth in vitro. (A) Lentiviral vector transduced MDA -
MB-435 cells were stimulated with recombinant HGF and
Met phosphorylation was determined by immuno-blotting
using anti-phosphotyrosine antibodies (upper panel). The
same blot was re-probed using anti-Met antibodies (lower
panel). Empty V., Empty Vector. (B) Branching morphogen-
esis assay. Pre-formed spheroids of lentiviral vector-trans-
duced MDA-MB-435 cells were embedded in collagen and
then stimulated with recombinant HGF to form branched
tubules. Collagen invasion was quantified by scoring the
mean number of tubules sprouting from each spheroid. EV,
Empty Vector; DM, Decoy Met; SP, Sema-PSI. (C) Repre-
sentative images from the experiment described in B. Mag-
nification: 200x.

FIG. 6 shows that soluble IPT displays anti-tumor and
anti-metastatic activity in mice. CD-1 nu-/- mice were
injected subcutaneously with lentiviral vector-transduced
MDA-MB-435 cells, and tumor growth was monitored over
time. (A) Kaplan-Meier-like plots of tumor latency (X axis,
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time indays;Y axis, percent of tumor free-animals). Empty v.,
empty vector. (B) Mean tumor volume over time. (C)
Immuno-histochemical analysis of tumor sections using anti-
FLAG antibodies. Magnification: 400x. (D) Tumor vessel
analysis. Tumor sections were stained with anti-Von Will-
ebrand factor antibodies. The number of vessels per square
mm of tumor section was determined by microscopy. EV,
Empty Vector; DM, Decoy Met; SP, Sema-PSI. (E) Metasta-
sis incidence analysis. Upon autopsy, serial lung sections
were analyzed by microscopy to determine the presence of
micrometastases. Metastasis incidence—i.e. the number of
mice with metastasis over the total—is indicated in both
percentage (bars) and fraction (at the end of bars). (F) Rep-
resentative images of micrometastases from the empty vector
group. Lung sections were stained with hematoxylin and
eosin. Dotted lines identify the walls of blood vessels (vs).
Metastatic cells (mc) can be found inside vessels as an embo-
lus or in the parenchyma. Magnification: 400x.

The data presented in the present disclosure suggest that
the a-chain of HGF binds to the IPT region of Met at high
affinity, and that it does so independently of proteolytic pro-
cessing of the ligand. They also suggest that HGF binding to
IPT in the context of a trans-membrane Met lacking the Sema
domain is sufficient for transmitting the signal for receptor
activation to the cytoplasmic kinase domain, although with-
out distinction between the inactive and active form of the
ligand. Finally, they provide evidence that engineered pro-
teins derived from the IPT region and Sema domain of Met
are capable of neutralizing the pro-invasive activity of HGF
both in vitro and in vivo.

It has been known for long time that HGF is a bivalent
factor. Early protein engineering studies identified a high
affinity Met-binding site in the N domain and first kringle of
HGF. Subsequently, combined biochemical and biological
analysis demonstrated that the HGF serine protease-like
domain (p-chain), while not necessary for binding, plays a
key role in mediating receptor activation. More recently,
detailed crystallographic and mutagenesis data have thor-
oughly characterized both structurally and functionally the
low affinity Met-binding site on the p-chain of HGF and its
interaction with the Sema domain of Met. The interface
between the a-chain of HGF and Met had remained however
elusive. Small angle X-ray scattering and cryo-electron
microscopy studies suggested the presence of contacts among
the N-terminal and first kringle domain of HGF and the Sema
domain of Met. However, plasmon resonance analysis
revealed that this interaction has a very low affinity (about 2
times lower than that of HGF-J} for Sema and 100 times lower
than that of HGF-a for the intact receptor). Since this weak
interaction cannot account per se for the tight bond between
HGF and Met, the high affinity HGF-binding site on Met had
still to be identified.

The results presented here contribute to fill this gap and
suggest that this long sought-after HGF-binding site lies in
the IPT region of Met and more precisely in the last two
immunoglobulin like domains close to the cell membrane.
Several distinct experimental evidences provided in the
present disclosure suggest that this is the case. Firstly, a
soluble, deleted Met receptor containing nothing but the four
IPT domains (IPT) binds to HGF with substantially the same
affinity as the entire extra-cellular portion of Met. Conversely,
Sema displays very low affinity towards HGF. Secondly, IPT
binds to active HGF, pro-HGF or HGF-a. with unchanged
strength. Thirdly, deletion of IPT 1 and IPT 2 does not affect
the affinity of IPT for any form of HGF. Fourthly, an engi-
neered Met receptor carrying a large deletion in its
ectodomain corresponding to the Sema domain, the PSI mod-
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6

ule and the first two immunoglobulin-like domains (Met, 5.
741) retains the ability to bind to HGF and to transduce the
signal for kinase activation to the inside of the cell, although
it cannot distinguish between active HGF and Pro-HGF.
Finally, a dimeric form of HGF NK1, which is known to
contain the minimal Met binding domain of HGF-a, is
capable of eliciting activation of Met, , -, as efficiently as if
not more powerfully than HGF, thus identifying in IPT 3-4 the
HGF NK1-binding site.

While these data point at a key role of IPT in HGF binding,
it is noteworthy that two previous structure/function studies
on the extracellular portion of Met failed to identify any
ligand binding site in this region. A first draft of the Met
ectodomain map suggested that the Sema domain is neces-
sary and sufficient for HGF binding based on ELISA assays.
A second study analyzed the role of the Sema domain in
receptor dimerization and suggested that an engineered form
of the Met extracellular portion containing a deletion in the
Sema domain was not capable of co-precipitating HGF.

The present disclosure further demonstrates that coopera-
tion between Sema and IPT is observed also when the extra-
cellular portion of Met is used as a biotechnological tool to
inhibit HGF-induced invasive growth. In the in vitro analysis
and in mouse xenografts both the IPT and Sema-PSI soluble
proteins displayed a significant inhibitory effect. However,
none of them could achieve the powerful inhibition displayed
by the full Met ectodomain, which contains both the low
affinity and high affinity HGF-binding site. This implies that
both of these interactions contribute to controlling Met activ-
ity. While the HGF-$-Sema contact had already been identi-
fied as a target for therapy, the results presented here unveil a
second interface that offers opportunities for pharmacologi-
cal intervention. Recombinant proteins or antibodies that
bind to the IPT region in place of bona fide HGF have an
application as highly competitive inhibitors of Met for the
treatment of HGF/Met-dependent cancers.

Materials and Methods

Protein Engineering

Soluble or trans-membrane receptors and engineered
ligands described in this work have been generated by stan-
dard PCR and genetic engineering techniques. All factors
conserve the leader sequence of their parental protein at the
N-terminus. The amino acid (aa) sequences of soluble Met
proteins (Gene Bank N. X54559) correspond to aa 1-24 (sig-
nal peptide) plus: Decoy Met, aa 25-932; Sema, aa 25-515;
Sema-PSI, aa 25-562; PSIIPT, aa 516-932; IPT, aa 563-932;
IPT Al, aa 657-932; IPT Al-2, aa 742-932; IPT-3, aa 742-
838, IPT-4, aa 839-932. At the C-terminus of each molecule a
double FLAG (SDYKDDDDK—SEQ ID No.:19) or single
MYC (EQKLISEEDLN—SEQ ID No.:20) epitope sequence
and a poly-histidine tag (HHHHHHH—SEQ ID No.:21)
were added for protein detection and purification. The trans-
membrane engineered MetA25-741 is identical to wild-type
Met except for the deleted region (aa 25-741). The amino acid
sequences of engineered HGF proteins (Gene Bank N.
M?73239) correspond to aa 1-31 (signal peptide) plus: HGF,
aa32-728; HGF-a,aa32-473; HGF NK1,aa32-205; HGF-f3,
aa 495-728. The above MYC or FLAG epitope and poly-
histidine tag were added at the C-terminus. Uncleavable HGF
has been described before (Mazzone, M. et al. (2004) J Clin
Invest. 114(10), 1418-1432). NK1-NK1 is a dimeric form of
HGF NKI1 consisting of the same N-terminal region HGF
repeated in. tandem (aa 1-205 directly linked to aa 32-205
without spacer). The cDNAs encoding all engineered pro-
teins were subcloned into the lentiviral transfer vector
pRRLsin. PPT.CMV.eGFP.Wpre (SEQ ID No.:1) in place of
the gfp ¢cDNA as disclosed in Follenzi, A. et al. (2000) Nat
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Genet. 25(2), 217-222. The GFP coding sequence was
replaced by the following cDNAs: decoy met FLLAG his (SEQ
ID No.:2), Sema FLAG.is (SEQ ID No.:3), Sema-PSI
FLAG his (SEQ ID No.:4), PSI-IPT FLAG his (SEQ ID No.:
5), IPT FLAG his (SEQ ID No.:6), IPT Al FLAG.his (SEQ
ID No.:7), IPT Al-2 FLAG.is (SEQ ID No.:8), IPT 3
FLAG.his (SEQ ID No.:9), IPT 4 FLAG.his (SEQ ID No.:
10), Met A25-741 (SEQ ID No.:11), HGF MYC his (SEQ ID
No.:12), HGF-ao MYC his (SEQ ID No.:13), HGF-NK1
MYC his (SEQ ID No.:14), HGF-f MYC his (SEQ ID No.:
15), uncleavable HGF MYC his (SEQ ID No.:16), NK1-NK1
his (SEQ ID No.:17), angiostatin MYC his(SEQ ID No.:18).

Enzyme-Linked Immunosorbant Assays

All engineered receptors and factors were collected from
the conditioned medium of lentiviral vector-transduced
MDA-MB-345 human melanoma cells in the absence of
serum. Factor purification was performed by immobilized-
metal affinity chromatography as previously described in
Michieli P. et’al. (2002) Nat Biotechnol. 20(5), 488-495. Con-
version of pro-HGF into active HGF was performed by incu-
bating purified pro-HGF (maximal concentration 100 ng/p1)
with 2-10% FBS (Sigma, St. Louis, Mo.) at 37° C. for 24
hours. Factor conversion was analyzed by Western blotting
using anti-HGF antibodies (R&D Systems, Minneapolis,
Minn.).

Uncleavable HGF subjected to the same incubation with
FBS was used as pro-HGF in all assays that compared active
HGF with unprocessed HGF. Binding of engineered ligands
to soluble receptors was measured by ELISA using FLAG-
tagged soluble receptors in solid phase and MYC-tagged
engineered ligands in liquid phase. A fixed concentration of
purified soluble receptor (100 ng/well) was adsorbed to
96-well ELISA plates. Protein-coated plates were incubated
with increasing concentrations of engineered ligands, and
binding was revealed using biotinylated anti-HGF antibodies
(R&D Systems, Minneapolis, Minn.) or anti-MYC antibod-
ies (Santa Cruz Biotechnology, Santa Cruz, Calif.). Binding
data were analyzed and fit using Prism software (Graph Pad
Software, San Diego, California).

Cell Culture

MDA-MB-435 human melanoma cells were purchased
from the Georgetown University Tissue Culture Shared
Resource (Washington, District of Columbia). Cells were
maintained in DMEM supplemented with 10% FBS (Sigma).
TOV-112D human ovarian carcinoma cells were obtained
from ATCC (Rockville, Md.; ATCCN. CRL-11731) and were
cultured using a 1:1 mixture of MCDB 105 Medium and
Medium 199 supplemented with 15% FBS (all from Sigma).
A549 human lung carcinoma cells were also obtained from
ATCC (ATCCN. CCL-185) and maintained in RPMI supple-
mented with 10% FBS.

Lentiviral Vectors

Vector stocks were produced by transient transfection of
293T cells as previously described in Follenzi, A. et al. (2000)
Nat Genet. 25 (2),217-222. Briefly, the plasmid DNA mix for
transfection was prepared as follows: ENV plasmid (VSV-G),
9 ug; PACKAGING plasmid pMDLg/pRRE 16.2 ug; REV
plasmid, 6.25 pg; TRANSFER VECTOR (plasmid #2-18),
37.5 ug. The plasmids were diluted in a solution of TE/CaCl,,
to which a HBS solution was added while vortexing at maxi-
mum speed. The DNA/CaCl,/HBS mix was immediately
added drop-wise to the cell plates that were then incubated at
37° C. After 14-16 hours the culture medium was replaced
with a fresh one. Cell culture supernatants containing vector
particles were collected about 36 hours after medium chang-
ing. After collection, the supernatants were filtered through
0.2 um pore membranes and stored at -80° C. Viral p24
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antigen concentration was determined by the HIV-1 p24 core
profile ELISA kit (NEN Life Science Products, Boston,
Mass.) according to the manufacturer’s instructions. Cells
were transduced in six-well plates (10° cells/well in 2 ml of
medium) using 40 ng/ml of p24 in the presence of 8 ng/ml
polybrene (Sigma) as described in Vigna, E. and Naldini, L.
(2000) J Gene Med. 2(5), 308-316. Medium was changed
about 18 hours after transduction. Cell growth and protein
production was monitored over time. Trandsuced cell lines
were then seeded in 15 cm plates, grown to 80% confluence
and incubated in medium without serum. After 72 hours, the
supernatants containing the recombinant soluble proteins
were collected, fitered and purified by affinity chromatogra-
phy or stored at =30° C.

Immuno-Precipitation and Western Blot Analysis

Cell lysis, immuno-precipitation and Western blot analysis
were performed using extraction buffer (BB) as described in
Longati, P. et al. (1994) Oncogene 9(1), 49-57. Signal was
detected using ECL system (Amersham Biosciences, Piscat-
away, N.J.) according to the manufacturer’s instructions.
Anti-Met antibodies for immunoprecipitation have been
described by Ruco, L. P. et al. (1996) J Pathol. 180(3), 266-
270 and were purchased from UBI (Lake Placid, N.Y.). Anti-
Met antibodies for Western blot were purchased from Santa
Cruz. Anti-FLAG antibodies were obtained from Sigma. Met
phosphorylation analysis in lentiviral vector transduced
MDA-MB-435 cells was performed as previously described
in Michieli, P. et al. (2004) Cancer Cell 6(1), 61-73.

HGF Cross-Linking and Met Activation Analysis

Lentiviral vector-transduced TOV-112D cells expressing
Met, ,s.-,; Were subjected to surface biotinylation analysis
using an ECL'™ Surface Biotinylation Module kit (Amer-
sham Biosciences) according to the manufacturer’s instruc-
tions. Chemical cross-linking was performed as previously
described in Mazzone, M. et al. (2004) J Clin Invest. 114(10),
1418-1432. Briefly, cells were deprived of serum growth
factors for 3 days and then incubated with 1 nM HGF for 3
hours. Cell lysates were immuno-precipitated using antibod-
ies directed against the C-terminal portion of Met as disclosed
inRuco, L. P. etal. (1996) J Pathol. 180(3), 266-270, resolved
by SDS-PAGE using a 3-10% polyacrylamide gradient and
analyzed by Western blotting using anti-HGF antibodies
(R&D). For receptor activation analysis, TOV-112D cells
expressing Met, 5 -, were deprived of serum growth factors
for 3 days and then stimulated with 1 nM HGF, Uncleavable
HGF, HGF NK1 or NK1-NK1 for 10 minutes. Cells were
lysed using EB as described in Longati, P. et al. (1994) Onco-
gene 9(1), 49-57. Cellular proteins were immuno-precipi-
tated with anti-Met antibodies as above and analyzed by
Western blotting using anti-phosphotyrosine antibodies
(UBI). The same blots were re-probed with anti-Met antibod-
ies (Ruco, L. P. et al. (1996) J Pathol. 180(3), 266-270).

Biological Assays

Collagen invasion assays using MDA-MB-435 cells were
performed using preformed spheroids as described in
Michieli, P. et al. (2004) Cancer Cell 6(1), 61-73. Briefly,
spheroids were generated by incubating cells overnight (700
cells/well) in non-adherent 96-well plates (Greiner, Fricken-
hausen, Germany) in the presence of 0.24 g/ml methylcellu-
lose (Sigma). Spheroids were embedded into a collagen
matrix containing 1.3 mg/ml type I collagen from rat tail (BD
Biosciences, Bedford, Mass.) and 10% FBS using 96-well
plates (40 spheroids/well). Embedded spheroids were cul-
tured at 37° C. for 24 hours, and then stimulated with 30 ng/ml
HGF (R&D) or no factor for additional 24 hours. The number
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of tubules sprouting from each spheroid was scored by
microscopy. At least 12 spheroids per experimental point
were analyzed.

Tumorigenesis Assays

Lentiviral vector-transduced MDA-MB-435 tumor cells
(3-10° cells/mouse) in 0.2 ml of DMEM were injected sub-
cutaneously into the right posterior flank of six-week old
immunodeficient nu-/- female mice on Swiss CD-1 back-
ground (Charles River Laboratories, Calco, Italy). Tumor size
was evaluated every 2 days using a caliper.

Tumor volume was calculated using the formula V=4/37x
2y/2 where x is the minor tumor axis and y the major tumor
axis. A mass of 15 mm>—corresponding approximately to the
initial volume occupied by injected cells—was chosen as
threshold for tumor positivity. Mice whose tumors were
below this threshold were considered tumor-free. After
approximately 4 weeks, mice were euthanized and tumors
were extracted for analysis. Animals were subjected to
autopsy. Tumors and lungs were embedded in paraffin and
processed for histology. Micrometastasis analysis was per-
formed by microscopy on serial lung sections stained with
hematoxylin and eosin. Tumor sections were stained with
hematoxylin and eosin and analyzed by an independent
pathologist not informed of sample identity. Transgene
expression was determined on tumor sections by immuno-
histochemistry using anti-FLAG antibodies (Sigma). Sec-
tions were counterstained with Meyer hematoxylin (Sigma).
Tumor angiogenesis was analyzed by immuno-histochemis-
try using anti-Von Willebrand factor antibodies (DAKO,
Glostrup, Denmark). Sections were counterstained as above.
Vessel density was assessed by microscopy. At least 12 fields
per animal were analyzed. All animal procedures were
approved by the Fthical Commission of the University of
Turin, Italy, and by the Italian Ministry of Health.

Statistical Analysis

Statistical significance was determined using a two-tail
homoscedastic Student’s t-Test (array 1, control group; array
2, experimental group). For all data analyzed, a significance
threshold of p<0.05 was assumed. In all figures, values are
expressed as meansstandard deviation, and statistical signifi-
cance is indicated by a single (p<0.05) or double (p<0.01)
asterisk.

Results

Engineering of HGF/Met Functional Domains

A schematic representation of the functional domains con-
tained in Met and HGF is shown in FIG. 1A. The extracellular
portion of Met includes a Sema domain, a PST hinge, and four
IPT modules (left panel). HGF is composed of an a- and a
[-chain joined by a disulphide bridge in the mature protein.
The a-chain in turn comprises an N-terminal domain and four
kringles (right panel). To analyze the interactions between
Met and HGF, the inventors expressed all these functional
domains as individual, soluble proteins. Functional domains
were engineered to contain the signal peptide of the parental
protein at their N-terminus, so that they could be properly.
secreted. At the C-terminus, an exogenous epitope (FLAG or
MYC) for antibody recognition and a poly-histidine tag for
protein purification were added. All cDNAs encoding the
engineered factors were subcloned into the lentiviral vector
pRRLsin.PPT.CMV.Wpre, and recombinant lentiviral par-
ticles were produced as described in Materials and Methods.
Recombinant proteins were collected from the conditioned
medium of lentiviral vector--transduced MDA-MB-435
human melanoma cells and purified to homogeneity by affin-
ity chromatography. Purified proteins were quantified against
standards by SDS-PAGE (FIG. 1B).
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ELISA Analysis of Met-HGF Interactions

The ability of Met ectodomains to interact with HGF was
tested in ELISA binding assays. Soluble receptors (Decoy
Met, Sema-PSI, Sema, PSI-IPT, IPT) were immobilized in
solid-phase and exposed to increasing concentrations of
active HGF. Binding was revealed using biotinylated anti-
HGF antibodies. Non-specific HGF binding was determined
using bovine serum albumin (BSA) in solid phase instead of
soluble Met domains. Binding affinity was determined by
nonlinear regression analysis. as described in Materials and
Methods. In these conditions, decoy Met bound to HGF with
a M, of approximately 0.2-0.3 nM. Consistent with previous
measurements, Sema-PSI and Sema bound to HGF with an
affinity at least one log lower compared to decoy Met. Sur-
prisingly, both PSI-IPT and IPT bound to HGF very effi-
ciently, with almost the same affinity as decoy Met (FIG. 2A).
The presence or absence of the PSI domain did not affect the
binding affinity for HGF of either Sema or IPT. Since almost
all Sema domains found so far in nature have a PSI module at
their C-terminus, the inventors therefore continued the bind-
ing analysis using decoy Met, Sema-PSI, and IPT.

To determine the affinity of each Net module for pro-HGF,
HGF-a, HGF NK1 and HGF-f} and to compare it with that for
active HGF, engineered receptors were immobilized in solid
phase and exposed to increasing concentrations of MYC-
tagged ligands. Binding was revealed using anti-MYC anti-
bodies. Non-specific binding was determined using the krin-
gle-containing protein angiostatin (AS)—also tagged with a
MYC epitope—in liquid phase. Pro-HGF, HGF a-chain and
HGF NK1, which represents the minimal Met-binding mod-
ule of HGF a-chain, bound to Decoy Met with a 3-, 4- and
10-time reduced affinity compared to active HGF, respec-
tively (FIG. 2B). Binding of HGF-p to decoy Met (or to any
other Met domain) was too low to be detected in this kind of
assay. Sema-PSI bound at a significant affinity to active HGF
only, while binding to pro-HGF, HGF-a. or HGF NK1 was
undistinguishable from non-specific binding (FIG. 2C).

Incontrast, IPT bound to active HGF, pro-HGF and HGF-a.
with the same high affinity (FIG. 2D). HGF NK1 bound to
IPT 10 times less tightly than active HGF, i.e. with the same
affinity as it bound to Decoy Met. These data suggest that the
IPT region of Met binds to the a-chain of HGF at high affinity
independently of proteolytic processing of the ligand.

The a-Chain of HGF Binds to IPT Domains 3 and 4 with
High Affinity

The IPT region of Met extends for about 400 amino acids
and contains four IPT domains. To more finely map the IPT-
HGF interface, a series of IPT variants that were deleted in
one or more domains were engineered (FIG. 3A). IPT Al and
IPT A1-2 are two N-terminal deleted forms of IPT lacking the
first or the first two immunoglobulin-like domains, respec-
tively. IPT-3 and IPT-4 correspond to the two C-terminal
immunoglobulin-like domains expressed as single proteins.
Protein production and purification were performed as
described above. The ability of the engineered IPTs to interact
with HGF a-chain was investigated in ELISA binding assays
using the whole IPT region as a control. IPT, IPT Al, IPT
A1-2, IPT-3 and IPT-4 were immobilized in solid phase and
exposed to increasing concentrations of HGF-a.. Binding was
revealed using anti-HGF antibodies. Non-specific binding
was measured using BSA as above. As shown in FIG. 3B,
deletion of'the first two immunoglobulin-like domains did not
substantially affect HGF binding.

In fact, IPT A1-2, a protein corresponding to the last two
immunoglobulin-like domains of Met, bound to the a-chain
of HGF with equal if not higher strength than IPT. However,
further deletion of either the third or fourth immunoglobulin-
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like domain did almost completely impair HGF-c binding.
Similar results were obtained using active HGF or pro-HGF
instead of HGF-a.. These data suggest that the last two immu-
noglobulin-like domains of Met, that lie close to the trans-
membrane helix in the context of a bona fide Met, are suffi-
cient for binding the a-chain of HGF at high affinity.

IPT Domains 3 and 4 are Sufficient for Binding to HGF in
Living Cells.

To determine whether HGF could bind to IPT 3 and 4 in the
context of a membrane-anchored receptor, a Met protein car-
rying a large deletion in the extracellular region was engi-
neered. Amino acids 25-741, corresponding to the Sema
domain (aa 25-515), the PSI domain (aa 516-562) and the first
two IPT domains (IPT 1 and 2, aa 563-741) were deleted,
generating a recombinant receptor containing IPT domains 3
and 4, the transmembrane helix and the full cytoplasmic
region (FIG. 4A). The cDNA encoding the engineered recep-
tor Met,,5-74; Was subcloned into the same lentiviral vector
described above. Recombinant lentiviral particles were used
to transduce the human ovary carcinoma cell line TOV-112D,
which lacks endogenous Met expression as determined by
RT-PCR analysis (Michieli, P., et al. (2004) Cancer Cell 6(1),
61-73). Surface biotinylation analysis revealed that
Met,,5_74; Was properly expressed and exposed on the mem-
brane of TOV-112D cells (FIG. 4B).

To examine whether Met, s 5, could bind to HGF, len-
tiviral vector-transduced cells were incubated in the presence
or absence of recombinant HGF and subsequently treated
them with the cross-linking agent BS3. Cell lysates were
immuno-precipitated with an antibody raised against the
C-terminal portion of Met, resolved by SDS PAGE and ana-
lyzed by Western blotting using anti-HGF biotinylated anti-
bodies. As a control, the same analysis was performed on
wildtype TOV-112D cells. Immunoblots showed a distinct
band with a molecular weight of approximately 180 kD in the
lane corresponding to cells expressing Met,,s ;4; treated
with HGF but not in lanes corresponding to the same cells
without HGF or to wild-type TOV-112D cells, either in the
presence or absence of the ligand (FIG. 4C). Considering that
both Met,,s ,,, and HGF have a molecular weight of
approximately 90 kDa, the immuno-precipitated cross-linked
protein is compatible with a complex formed by HGF plus
Metass.741-

HGF Binding to IPT Domains 3 and 4 Results in Met
Activation in Living Cells.

The inventors next tested whether HGF binding to
Met, ,5.-4; could induce Met kinase activation. To this end,
lentiviral vector transduced TOV-112D cells were stimulated
with pro-HGF or active HGF, and cell lysates were immuno-
precipitated with anti-Met antibodies as above, Receptor acti-
vation was determined by Western blot analysis using anti-
phosphotyrosine antibodies. The same blots were re-probed
with anti-Met antibodies to normalize the amount of receptor
immuno-precipitated. Remarkably, both pro-HGF and active
HGF were capable of inducing robust phosphorylation of
Met, s -4, (FIG. 4D). Since pro-HGF binding to full-size
Met does not induce kinase activation, this suggests that the
Sema domain somehow exerts an auto-inhibitory effect on
Met catalytic activity that is released upon binding to active
HGF. Receptor stimulation was also performed using HGF
NK1 and an engineered dimeric ligand consisting of two NK 1
fragments repeated in tandem (NKI1-NK1; FIG. 4E). As
shown in FIG. 4D, NK1-NK1 stimulation of lentiviral vector-
transduced TOV-112D cells resulted in potent phosphoryla-
tion of Met, ,5_-4,, while stimulation with monomeric NK1
had no effect. These results suggest that the two C-terminal
IPT domains of Met (IPT 3 and 4) are sufficient to bind to
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HGF (and more precisely to HGF NKI1 that represents the
minimal Met-binding module in the a-chain of HGF) and to
transmit the signal for receptor activation to the cytoplasmic
kinase domain, presumably following ligand-induced recep-
tor dimerization. However, they also suggest that IPT 3 and 4
alone are not sufficient for distinguishing the biologically
active form of HGF from its inactive precursor, pro-HGF.

Soluble IPT Inhibits HGF-Induced Invasive Growth in
vitro.

In a previous study, it has been demonstrated that the extra-
cellular portion of Met expressed as a soluble protein (Decoy
Met) inhibits HGF-induced invasive growth both in vitro and
in mouse models of cancer (Michieli P. et al. (2004) Cancer
Cell 6(1), 61-73). Recombinant soluble Sema-PSI was also
shown to inhibit both ligand-dependent and -independent
Met phosphorylation (Kong-Beltran M. et al. (2004) Cancer
Cell 6(1), 75-84). Based on these results, it has been tested
whether soluble IPT displayed HGF/Met antagonistic activ-
ity in living cells. MDA-MB-435 human melanoma cells,
which express Met and are an established model system for
analysis of HGF-mediated invasive growth, were transduced
with lentiviral vectors encoding soluble Decoy Met, Sema-
PSIor IPT. Cells transduced with an empty vector were used
as control. Lentiviral vector-transduced cells secreting com-
parable levels of soluble factors (approximately 50 pmol/10°
cells/24 hours) were serum-starved for several days, allowing
the recombinant factors to accumulate in the medium, and
then stimulated with recombinant HGF. Met tyrosine phos-
phorylation was determined by immuno-blotting with anti-
phosphotyrosine antibodies as described above. As shown in
FIG. 5A, both IPT and Sema-PSI partially inhibited HGF-
induced Met phosphorylation, while Decoy Met completely
neutralized the ability of HGF to induce Met activation. Re-
probing of the same immuno-blots with antibodies directed
against the C-terminal tail of Met revealed no substantial
difference in the amounts of immuno-precipitated protein.

To test the inhibitory potential of Met ectodomains in a
more biological setting, the same cells were employed to
perform an HGF-dependent branching morphogenesis assay.
Preformed cell spheroids were seeded in a three dimensional
collagen matrix and then stimulated with recombinant HGF
to form tubular structures. Branching was quantified by scor-
ing the mean number of tubules sprouting from each colony.
As shown in FIG. 5B, both soluble IPT and Sema-PS]I inhib-
ited HGF-induced colony branching (Empty vector, 17.5
tubules/colony; IPT, 4.0 tubules/colony; Sema-PSI, 6.7
tubules/colony). However, consistent with the results
obtained in phosphorylation experiments, decoy Met was a
more potent HGF-inhibitor than either of its subdomain (2.5
tubules/colony). Representative images of colony morphol-
ogy are shown in FIG. 5C.

Soluble IPT Displays Anti-Tumor and Anti-Metastatic
Activity in Mice.

The above results prompted the present inventors to
explore the therapeutic potential of soluble IPT in mouse
models of cancer. Lentiviral vector-transduced MDA-MB-
435 melanoma cells were injected subcutaneosly into CD-1
nu-/- mice, and tumor growth was monitored over time. After
approximately three weeks, tumors were extracted for analy-
sis, and mice were subjected to autopsy. In a Kaplan-Meier-
like analysis, where the percentage of tumor-free animals is
plotted against time and tumor latency is quantified calculat-
ing the median in days, all engineered soluble receptors
delayed the appearance of experimental tumors. However,
IPT was slightly more effective than Sema-PSI and decoy
Met was more potent than either IPT or Sema-PSI (FIG. 6A).
Analysis of tumor burden over time revealed that IPT was
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only slightly less effective than decoy Met, while Sema-PSI
inhibited neoplastic growth only during the very early stages
of'the experiment (FI1G. 6B). Immuno-histochemical analysis
of transgene expression showed that Decoy Met, Sema-PSI
and IPT reached similar levels and distribution in tumors
(FIG. 6C).

As HGF is a potent pro-angiogenic factor, it has been
determined whether inhibition of HGF/Met in tumors
resulted in impairment of angiogenesis. Tumor sections were
analyzed by immuno-histochemistry using antibodies against
Von Willebrand factor, and vessel density was .25 assessed by
microscopy (FIG. 6D). IPT decreased tumor vessel density by
1.5 times, while decoy Met achieved a much stronger inhibi-
tion (approximately 4 times); Sema-PSI did not significantly
affect tumor angiogenesis. Upon autopsy, lungs from the
mice described above were extracted and processed for his-
tology. Serial lung sections were stained with hematoxylin
and eosin, and analyzed by microscopy to determine the
presence of micrometastases. The results are shown in FIG.
6A. In the control group, 4 out of 6 mice (67%) were bearing
micrometastases. In the IPT and Sema-PSI group, microme-
tastases could be found in only 1 out of 6 mice (17%), while
no metastasis could be found in the decoy Met group. Meta-
static lesions were both parenchymal (extravascular) and
embolic (intravascular; see FIG. 6F for representative
images).

The identification of the high affinity HGF binding sit on
the HGFR provided in the present disclosure allows design-
ing of novel procedures leading to the generation of more
specific inhibitors/antagonists of HGF and of HGFR. The
following are non-limiting examples of novel methods for the
identification of inhibitors/antagonists of HGF/HGFR target-
ing the high affinity binding site of HGFR or utilizing the high
affinity binding site of HGFR as a tool to generate novel
inhibitors/antagonists.

Development of a Monoclonal Antibody that Binds to
Extracellular IPT-3 and IPT-4 Domains of HGFR Preventing
HGF Binding

Given that interaction of HGF with the extracellular IPT-3
and IPT-4 domains is essential for high affinity HGF binding,
one can generate specific monoclonal antibodies that bind to
IPT-3 and IPT-4 and compete with HGF for HGFR binding.
This can be achieved by several strategies.

(A) A recombinant protein or peptide derived from IPT-3
and IPT-4 is generated by standard genetic engineering tech-
nology or chemical synthesis. This protein or peptide is
injected into an appropriate laboratory animal (usually a
mouse or a rat) to give rise to an immune reaction. Spleno-
cytes are then isolated from the immunized animal and fused
to a myeloma cell line, and antibody-producing hybridoma
clones are selected by standard monoclonal antibody technol-
ogy. Antibodies directed against IPT-3 and IPT-4 are then
screened by an ELISA method similar to the ones described in
this disclosure that utilizes recombinant IPT-3 and IPT-4 in
solid phase and hybridoma-produced antibodies in liquid
phase. Binding is revealed using anti-mouse immuno-globu-
lin antibodies that are available commercially. Alternatively,
antibodies are screened for their ability to displace recombi-
nant HGF (in liquid phase) from IPT-3 and IPT-4 (in solid
phase), or for their ability to immuno-precipitate recombinant
IPT-3 and IPT-4 proteins.

(B) A polynucleotide sequence coding for IPT-3 and IPT-4
inserted in an appropriate expression vector is injected
directly into a laboratory animal to give rise to an immune
response against the gene product. Antibodies directed
against IPT-3 and IPT-4 are then isolated and screened as
described above.
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(C) A polynucleotide sequence coding for IPT-3 and IPT-4
inserted in an appropriate expression vector is transferred into
amammalian cell line not expressing HGFR to obtain expres-
sion of IPT-3 and IPT-4 on the cell surface. Cells expressing
IPT-3 and IPT-4 are then injected into a laboratory animal to
give rise to an immune response, and antibodies directed
against IPT-3 and IPT-4 are isolated and screened as
described above.

(D) A library of native antibodies generated by standard
genetic engineering techniques (for example by the technol-
ogy known as phage display) from mammalian lymphocytes
(preferably human, for example from lymphocytes infiltrat-
ing a tumor expressing HGFR) is screened using recombinant
IPT-3 and IPT-4 proteins. Positive clones (i.e. those clones
that bind to IPT-3 and IPT-4 at high affinity) are then isolated,
expanded, and the antibody characterized biochemically.

(E) Human memory B cells are isolated from the peripheral
blood of a patient harboring a tumor expressing HGFR as
disclosed by several studies including Traggiai E. et al. (2004)
Nat Med. 10(8), 871-875. Once cultures of immortalized
memory B cells are established, a skilled artisan in the field
can screen for cells secreting an antibody directed against
IPT-3 and IPT-4 using the methods described here above in
(A). Having identified such antibody-producing cells, the
desired antibody can be cloned by polymerase chain reaction
and standard genetic engineering procedures.

Identification of a Test Compound that Binds to Extracel-
Iular IPT-3 and IPT-4 Domains of HGFR Inhibiting HGFR
Activity

With a different approach, it is possible to isolate test
compounds of diverse origin that bind to the high affinity
HGF binding site of HGFR and interfere with HGF-induced
HGEFR activation. This can be achieved by several strategies.

(A) Using ELISA assays similar to those described in this
disclosure, a skilled artisan in the field can screen a compound
library (including but not limited to a synthetic chemical
library, a natural compound library, a small molecule library,
a peptide library) for agents that displace HGF interaction
with IPT-3 and IPT-4. In this kind of assays, recombinant
IPT-3 and IPT-4 protein is immobilized in solid phase and
incubated with a fixed amount of HGF in liquid phase. Fol-
lowing exposure to library compounds, HGF binding is mea-
sured with commercially available anti-HGF antibodies.

(3) Using a cell line expressing an engineered form of the
HGEFR containing nothing but the IPT-3 and IPT-4 domains in
the extracellular part similar to that described in this disclo-
sure (Met, 55 -4;), a skilled artisan in the field can screen a
compound library (including but not limited to a synthetic
chemical library, a natural compound library, a small mol-
ecule library, a peptide library) for agents that displace HGF
interaction with IPT-3 and IPT-4 or inhibit HGF-induced
HGEFR activation. This can be achieved by putting said engi-
neered cells in contact with the library and then measuring
HGF-induced HGFR phosphorylation as described in the
present study, or by other means that reveal HGFR activation
including a scatter assay, a reconstituted matrix invasion
assay, a branching morphogenesis assay, a cell survival assay
or other in vitro biological tests as described in Michieli, P. et
al. (2004) Cancer Cell 6(1), 61-73.

(C) Using the engineered cell line described above, a
skilled artisan in the field can screen a genetic library (includ-
ing but not limited to a cDNA expression library, a short
hairpin RNA library, an antisense DNA library, a random
nucleotide library) for polynucleotides or gene products that
displace HGF interaction with IPT-3 and IPT-4 or inhibit
HGF-induced HGFR activation. This can be achieved by
transfecting, transducing or anyway introducing the nucle-
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otide library into said cells and then testing the ability of HGF
to activate the deleted form of HGFR expressed by the same
cells. HGFR activation is measured as described in (B).

Exemplary Functional Assays that Measure the Biological
Activity of Compounds that Bind to Extracellular IPT-3 and
IPT-4 Domains of HGFR

Whatever strategy is employed to generate anti-IPT anti-
bodies or IPT-binding compounds, the final product (i.e.
monoclonal antibodies directed against IPT-3 and IPT-4 or
natural or synthetic compounds that bind to IPT-3 and IPT-4)
is then subjected to biological assays aimed at determining
whether these agents have the ability to interfere with HGFR
activity. These assays can be performed in vitro using cul-
tured mammalian cells or in vivo using laboratory animals.

(A) Scatter assay. Epithelial cells growing in compact colo-
nies in a Petri dish and expressing HGFR are induced to
‘scatter’ by stimulation with HGF. As a result of HGF stimu-
lation, cells in the Petri dish appear more separated and dis-
persed. This assay can be performed in the presence of several
test compounds. Among the compounds tested, an HGF/
HGEFR inhibitor/antagonist can be identified by the absence
of a scattered phenotype in response to HGF stimulation.

(B) Cell migration assay. Cells expressing HGFR have the
ability to migrate towards an HGF gradient. In other words,
cells are attracted by chemotaxis towards higher concentra-
tions of HGF. This ability can be exploited to screen for HGF
inhibitors in a Boyden chamber assay. Cells are seeded in the
first chamber and HGF is applied in the second chamber that
is separated from the first by a porous membrane. Cells
migrate through the membrane and reach the second chamber
were HGF is more concentrated. Agents that inhibit this pro-
cess are identified as HGF/HGFR inhibitors/antagonists.

(C) TRANSWELL™ migration assay or reconstituted
matrix invasion assay. This is a variation of the assay
described in (B) in which the porous membrane is covered
with a layer of collagen, MATRIGEL™, or other reconsti-
tuted organic matrices. Cells have to digest the organic matrix
in order to migrate through it. This is a more rigorous assay
that measures invasion rather than simple migration of cells.

(D) Collagen invasion assay or branching morphogenesis
assay. In this assay, mammalian cells expressing HGFR (pref-
erably epithelial cells or carcinoma cells) are seeded in a
tridimensional layer of collagen and then allowed to grow
until they form spheroids of approximately 1,000 cells each.
Alternatively, spheroids can be pre-formed ahead by incubat-
ing cells overnight in non-adherent 96-well plates in the pres-
ence of methylcellulose as disclosed in Michieli, P. et al.
(2004) Cancer Cell 6(1), 61-73. Once spheroids are embed-
ded in the collagen layer, they are stimulated with HGF and
incubated at 37° C. This results in the sprouting of hollow
tubules from the spheroids; each tubule is formed by several
cells organized in a tubular structure and polarized so that
there is a side of the cell that sees the lumen and a second side
that sees the medium outside. As the assay goes on tubules
tend to branch and to form a more complex architecture. This
assay is highly specific for HGF. Agents that inhibit this
process have a high probability to represent very specific
HGF/HGFR antagonists.

(E) Mitogenic assay. HGF has the ability to induce DNA
replication and cell division in some cell expressing HGFR.
The most responsive cells are certainly primary hepatocytes,
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usually mouse or rat. To test HGF-induced DNA replication,
cells are deprived of serum growth factors and then stimulated
with increasing concentrations of HGF. Shortly after, radio-
active thymidine is added and the cells are incubated at 37° C.
for approximately one day. Following extensive washing and
fixation, radioactive thymidine incorporated into cell DNA is
measured by liquid scintillation counting or other standard
methods that allow radiation quantification.

(F) Survival assay. HGF has the ability to protect HGFR-
expressing cells against apoptosis or programmed cell death.
This can be exploited to measure HGFR activity in a survival
assay. Cells are pre-incubated with HGF and the test com-
pound (potential HGFR inhibitor), and then subjected to an
apoptotic stimulus such as atoxic drug, absence of adherence,
hypoxia, heat shock, radiation, or DNA damage. After an
appropriate time interval, cell death is measured by standard
methods including TUNEL (Terminal deoxynucleotidyl
transferase biotin-dUTP Nick End Labeling), nucleosomes,
DNA ladder, caspase activity, vital dye staining or any varia-
tion thereof.

(G) Mouse tumorigenesis assay. In this kind of assay, the
activity of a potential HGF/HGFR inhibitor is tested directly
in a laboratory animal, preferably a mouse or a rat. There are
several methods for obtaining a tumor in a mouse. The most
utilized strategy is to create a xenograft, i.e. to transplant
tumor cells (usually of human origin) into an animal recipient
(usually an immunodeficient mouse). Cells can be implanted
subcutaneously (a quick and simple method to obtain an
experimental tumor) or orthotopically, i.e. in the same organ
where the tumor cell has been isolated (e.g. a breast carci-
noma into the mammary fat pad, a colon carcinoma into the
intestine mucosa, a hepatocarcinoma into the liver paren-
chyma and so on). Whatever the Method employed is, injec-
tion of tumor cells into a laboratory animal gives rise to an
experimental tumor. This tumor-bearing animal can now be
used to evaluate the anti-tumor potential of test compounds.
Anti-HGF/HGFR antibodies or compounds can be delivered
to an animal carrying a tumor lesion with dysregulated HGF/
HGEFR signaling by the most appropriate existing method
including intravenous injection, intraperitoneal injection,
osmotic pump, oral administration, suppository, gene therapy
protocol, local administration and so on. After an appropriate
treatment period, the animal is euthanized and its tumor and
organs are explanted for analysis.

(H) Mouse metastogenesis assay. Experimental metastases
can be induced in a mouse by systemic injection of tumor
cells. These get entrapped in the lung capillaries and subse-
quently extravasate to give rise to pulmonary metastases.
These can be measured upon autopsy by several approaches
including microscopy, histological analysis, immuno-his-
tochemical methods, whole-body imaging. The test com-
pounds are delivered as described in (G).

(D Gene therapy protocol. In case the HGF/HGFR inhibi-
tor is an antibody, a recombinant protein, a peptide or a small
interfering RNA, delivery to the tumor-bearing animal can be
achieved by a gene therapy approach. This consists in intro-
ducing the desired polynucleotide into an appropriate deliv-
ery vector that can be chosen among lentiviral vectors, aden-
oviral vectors, retroviral vectors, naked DNA, or any
variation thereof. The vector preparation can be deliverd
sytemically or locally to the tumor depending on the tumor
site, on the vector or on the tumor histotype. The biological
effects of gene therapy are analyzed as described for other
compounds in (G).
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 21

<210> SEQ ID NO 1

<211> LENGTH: 7425

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: pRRLsin.PPT.CMV.eGPF.Wpre (the eGFP coding
sequence starts at nucleotide 4756 and finishes at nucleotide
5745)

<400> SEQUENCE: 1

caggtggcac ttttegggga aatgtgegeg gaacccctat ttgtttattt ttctaaatac 60
attcaaatat gtatcecgete atgagacaat aaccctgata aatgcttcaa taatattgaa 120
aaaggaagag tatgagtatt caacatttce gtgtegecet tattcecttt tttgeggeat 180
tttgccttee tgtttttget cacccagaaa cgetggtgaa agtaaaagat gctgaagatce 240
agttgggtge acgagtgggt tacatcgaac tggatctcaa cageggtaag atccttgaga 300
gttttegece cgaagaacgt tttccaatga tgagcacttt taaagttcetg ctatgtggeg 360
cggtattate ccgtattgac gecgggcaag agcaactegg tegecgcata cactattcete 420
agaatgactt ggttgagtac tcaccagtca cagaaaagca tcttacggat ggcatgacag 480
taagagaatt atgcagtgct gccataacca tgagtgataa cactgeggec aacttactte 540
tgacaacgat cggaggaccg aaggagctaa ccgetttttt gecacaacatg ggggatcatg 600
taactcgect tgatcegttgg gaaccggage tgaatgaage cataccaaac gacgagegtg 660
acaccacgat gcctgtagca atggcaacaa cgttgegcaa actattaact ggcgaactac 720
ttactctage ttccceggcaa caattaatag actggatgga ggcggataaa gttgcaggac 780
cacttetgeg cteggecctt ceggetgget ggtttattge tgataaatct ggagecggtg 840
agcgtgggte tcgeggtate attgcageac tggggccaga tggtaagece tcccegtateg 900
tagttatcta cacgacgggg agtcaggcaa ctatggatga acgaaataga cagatcgetg 960

agataggtgc ctcactgatt aagcattggt aactgtcaga ccaagtttac tcatatatac 1020
tttagattga tttaaaactt catttttaat ttaaaaggat ctaggtgaag atcctttttg 1080
ataatctcat gaccaaaatc ccttaacgtg agttttegtt ccactgagcg tcagaccccg 1140
tagaaaagat caaaggatct tcttgagatc ctttttttet gegcecgtaatce tgctgcttgce 1200
aaacaaaaaa accaccgcta ccagcggtgg tttgtttgcc ggatcaagag ctaccaactce 1260
tttttcececgaa ggtaactgge ttcagcagag cgcagatacc aaatactgtce cttctagtgt 1320
agccgtagtt aggccaccac ttcaagaact ctgtagcacc gecctacatac ctegetcetge 1380
taatcctgtt accagtggct gcectgccagtg gcgataagtc gtgtcttacce gggttggact 1440
caagacgata gttaccggat aaggcgcagce ggtcgggetyg aacggggggt tcegtgcacac 1500
agcccagett ggagcgaacg acctacaccg aactgagata cctacagegt gagctatgag 1560
aaagcgccac gctteccgaa gggagaaagg cggacaggta tcecggtaage ggcagggtceg 1620
gaacaggaga gcgcacgagg gagcttceccag ggggaaacgc ctggtatctt tatagtectg 1680
tcgggttteg ccacctcectga cttgagegte gatttttgtg atgctegtca ggggggcgga 1740
gcctatggaa aaacgccagce aacgcggcect ttttacggtt cctggecttt tgctggectt 1800
ttgctcacat gttctttect gegttatcce ctgattetgt ggataaccgt attaccgect 1860
ttgagtgagce tgataccgct cgccgcagec gaacgaccga gcegcagcegag tcagtgageg 1920

aggaagcgga agagcgcecca atacgcaaac cgectcteee cgegegttgg ccgattcatt 1980
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-continued
aatgcagctyg gcacgacagg tttcccgact ggaaagceggyg cagtgagege aacgcaatta 2040
atgtgagtta gctcactcat taggcacccce aggctttaca ctttatgctt ccggctegta 2100
tgttgtgtgg aattgtgagc ggataacaat ttcacacagg aaacagctat gaccatgatt 2160
acgccaageg cgcaattaac cctcactaaa gggaacaaaa gctggagcetyg caagcttaat 2220
gtagtcttat gcaatactct tgtagtcttg caacatggta acgatgagtt agcaacatgce 2280
cttacaagga gagaaaaagc accgtgcatg ccgattggtg gaagtaaggt ggtacgatcg 2340
tgccttatta ggaaggcaac agacgggtct gacatggatt ggacgaacca ctgaattgcece 2400
gcattgcaga gatattgtat ttaagtgcct agctcgatac aataaacggg tctectctggt 2460
tagaccagat ctgagcctgg gagctctctg gctaactagg gaacccactg cttaagcecte 2520
aataaagctt geccttgagtg cttcaagtag tgtgtgcccg tectgttgtgt gactctggta 2580
actagagatc cctcagaccc ttttagtcag tgtggaaaat ctctagcagt ggcgcccgaa 2640
cagggacctyg aaagcgaaag ggaaaccaga gctctctega cgcaggactce ggcttgetga 2700
agcgegcacyg gcaagaggcyg aggggceggeg actggtgagt acgccaaaaa ttttgactag 2760
cggaggctag aaggagagag atgggtgcga gagcgtcagt attaagcggyg ggagaattag 2820
atcgcgatgg gaaaaaattc ggttaaggcce agggggaaag aaaaaatata aattaaaaca 2880
tatagtatgg gcaagcaggg agctagaacg attcgcagtt aatcctggcce tgttagaaac 2940
atcagaaggc tgtagacaaa tactgggaca gctacaacca tcccttcaga caggatcaga 3000
agaacttaga tcattatata atacagtagc aaccctctat tgtgtgcatc aaaggataga 3060
gataaaagac accaaggaag ctttagacaa gatagaggaa gagcaaaaca aaagtaagac 3120
caccgcacag caagcggecg ctgatcttca gacctggagyg aggagatatg agggacaatt 3180
ggagaagtga attatataaa tataaagtag taaaaattga accattagga gtagcaccca 3240
ccaaggcaaa gagaagagtg gtgcagagag aaaaaagagc agtgggaata ggagetttgt 3300
tcettgggtt cttgggagca gcaggaagca ctatgggcege agcectcaatg acgctgacgg 3360
tacaggccag acaattattg tctggtatag tgcagcagca gaacaatttg ctgagggcta 3420
ttgaggcgca acagcatctg ttgcaactca cagtctgggg catcaagcag ctccaggcaa 3480
gaatcctgge tgtggaaaga tacctaaagg atcaacagcet cctggggatt tggggttget 3540
ctggaaaact catttgcacc actgctgtgc cttggaatgc tagttggagt aataaatctce 3600
tggaacagat ttggaatcac acgacctgga tggagtggga cagagaaatt aacaattaca 3660
caagcttaat acactcctta attgaagaat cgcaaaacca gcaagaaaag aatgaacaag 3720
aattattgga attagataaa tgggcaagtt tgtggaattg gtttaacata acaaattggc 3780
tgtggtatat aaaattattc ataatgatag taggaggctt ggtaggttta agaatagttt 3840
ttgctgtact ttctatagtg aatagagtta ggcagggata ttcaccatta tcgtttcaga 3900
cccacctecee aaccecgagg ggacccgaca ggcccgaagg aatagaagaa gaaggtggag 3960
agagagacag agacagatcc attcgattag tgaacggatc tcgacggtta acttttaaaa 4020
gaaaagggygy gattgggggg tacagtgcag gggaaagaat agtagacata atagcaacag 4080
acatacaaac taaagaatta caaaaacaaa ttacaaaaat tcaaaatttt atcgataagc 4140
ttgggagttc cgcgttacat aacttacggt aaatggcccg cctggctgac cgcccaacga 4200
cceccgecca ttgacgtcaa taatgacgta tgttcccata gtaacgccaa tagggacttt 4260
ccattgacgt caatgggtgg agtatttacg gtaaactgcc cacttggcag tacatcaagt 4320
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gtatcatatg ccaagtacgc ccecctattga cgtcaatgac ggtaaatggc ccgecctggca 4380
ttatgcccag tacatgacct tatgggactt tcctacttgg cagtacatct acgtattagt 4440
catcgctatt accatggtga tgcggttttg gcagtacatc aatgggcgtg gatagcggtt 4500
tgactcacgg ggatttccaa gtctccacce cattgacgtc aatgggagtt tgttttggca 4560
ccaaaatcaa cgggactttc caaaatgtcg taacaactcc geccccattga cgcaaatggg 4620
cggtaggcgt gtacggtggg aggtctatat aagcagagct cgtttagtga accgtcagat 4680
cgecctggaga cgccatccac getgttttga cctceccataga agacaccgac tctagaggat 4740
ccaccggteg ccaccatggt gagcaaggge gaggagcetgt tcaccggggt ggtgeccate 4800
ctggtegage tggacggcga cgtaaacgge cacaagttca gegtgtceegyg cgagggcgag 4860
ggcgatgceca cctacggcaa gctgacccetg aagttcatcet gecaccaccgg caagetgecce 4920
gtgcecctgge ccaccctegt gaccaccctg acctacggeg tgcagtgett cageccgcetac 4980
ccegaccaca tgaagcagca cgacttcette aagtccgeca tgcccgaagyg ctacgtccag 5040
gagcgcacca tcttecttcaa ggacgacggce aactacaaga cccgcgecga ggtgaagtte 5100
gagggcgaca ccctggtgaa ccgcatcgag ctgaagggca tcgacttcaa ggaggacgge 5160
aacatcctgg ggcacaagct ggagtacaac tacaacagcc acaacgtcta tatcatggcece 5220
gacaagcaga agaacggcat caaggtgaac ttcaagatcc gccacaacat cgaggacggce 5280
agcgtgcage tcgecgacca ctaccagcag aacacccceca teggcgacgyg cccegtgetg 5340
ctgcecgaca accactacct gagcacccag tccgecctga gcaaagaccce caacgagaag 5400
cgcgatcaca tggtcctget ggagttegtg accgccgecg ggatcactcet cggcatggac 5460
gagctgtaca agtaaagcgg ccgcgtcgac aatcaacctc tggattacaa aatttgtgaa 5520
agattgactg gtattcttaa ctatgttgct ccttttacgc tatgtggata cgctgcttta 5580
atgcctttgt atcatgctat tgcttcccgt atggctttca ttttcectcecte cttgtataaa 5640
tcetggttge tgtctcecttta tgaggagttg tggcccgttg tcaggcaacg tggcgtggtg 5700
tgcactgtgt ttgctgacgc aacccccact ggttggggca ttgccaccac ctgtcagcetce 5760
ctttcecggga ctttegettt ccccectecct attgccacgg cggaactcat cgccgcectgce 5820
cttgceceget getggacagg ggctceggcetg ttgggcactg acaattccecgt ggtgttgteg 5880
gggaagctga cgtcctttcee atggctgete gectgtgttg ccacctggat tcectgegeggyg 5940
acgtccttet gectacgteee tteggceccte aatccagegg accttectte cegeggectg 6000
ctgcecggete tgcggcectet tecgegtett cgecttegece ctcagacgag teggatctcece 6060
ctttgggcecg cctceeccecgee tggaattcga gcteggtace tttaagacca atgacttaca 6120
aggcagctgt agatcttagce cactttttaa aagaaaaggg gggactggaa gggctaattce 6180
actcccaacg aagacaagat ctgctttttg cttgtactgg gtctctctgg ttagaccaga 6240
tctgagectg ggagctctet ggctaactag ggaacccact gcecttaagcct caataaagcet 6300
tgccttgagt gettcaagta gtgtgtgcce gtetgttgtg tgactctggt aactagagat 6360
ccetcagace cttttagtca gtgtggaaaa tctcectagcag tagtagttca tgtcatctta 6420
ttattcagta tttataactt gcaaagaaat gaatatcaga gagtgagagg aacttgttta 6480
ttgcagctta taatggttac aaataaagca atagcatcac aaatttcaca aataaagcat 6540
ttttttcact gcattctagt tgtggtttgt ccaaactcat caatgtatct tatcatgtct 6600
ggctctaget atcccgecce taactceccgece cagttceccgec cattctecege cccatggetg 6660
actaattttt tttatttatg cagaggccga ggccgccteg gectctgage tattccagaa 6720
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gtagtgagga ggcttttttg gaggcctagg cttttgcgte gagacgtacc caattcgcecce 6780
tatagtgagt cgtattacgc gcgctcactg gcecgtegttt tacaacgtceg tgactgggaa 6840
aaccctggeg ttacccaact taatcgectt gcagcacatc cccctttege cagectggegt 6900
aatagcgaag aggcccgcac cgatcgecct teccaacagt tgcgcagect gaatggcgaa 6960
tggcgcgacg cgccctgtag cggcgcatta agecgcggegg gtgtggtggt tacgcegcagce 7020
gtgaccgcta cacttgccag cgccctageg cccgetectt tegetttett ceecttecttt 7080
ctecgecacgt tecgcecggett tcecccegtcaa gctcectaaatce gggggctcecce tttagggtte 7140
cgatttagtg ctttacggca cctcgaccce aaaaaacttg attagggtga tggttcacgt 7200
agtgggccat cgccctgata gacggttttt cgeccctttga cgttggagtce cacgttettt 7260
aatagtggac tcttgttcca aactggaaca acactcaacc ctatctcggt ctattcectttt 7320
gatttataag ggattttgcce gatttcggcce tattggttaa aaaatgagct gatttaacaa 7380
aaatttaacg cgaattttaa caaaatatta acgtttacaa tttcc 7425
<210> SEQ ID NO 2
<211> LENGTH: 2886
<212> TYPE: DNA
<213> ORGANISM: artificial
<220> FEATURE:
<223> OTHER INFORMATION: Coding sequence of Decoy Met FLAGhis
<400> SEQUENCE: 2
atgaaggcce ccgcetgtget tgcacctgge atectegtge tectgtttac cttggtgcag 60
aggagcaatg gggagtgtaa agaggcacta gcaaagtccg agatgaatgt gaatatgaag 120
tatcagctte ccaacttcac cgcggaaaca cccatccaga atgtcattcet acatgagcat 180
cacattttee ttggtgccac taactacatt tatgttttaa atgaggaaga ccttcagaag 240
gttgctgagt acaagactgg gcctgtgcetg gaacacccag attgtttecce atgtcaggac 300
tgcagcagca aagccaattt atcaggaggt gtttggaaag ataacatcaa catggctcta 360
gttgtcgaca cctactatga tgatcaactc attagectgtg gcagcgtcaa cagagggacce 420
tgccagcgac atgtctttcce ccacaatcat actgctgaca tacagtcgga ggttcactge 480
atattctccee cacagataga agagcccage cagtgtcectyg actgtgtggt gagegecctg 540
ggagccaaag tcctttcate tgtaaaggac cggttcatca acttctttgt aggcaatacce 600
ataaattctt cttatttccc agatcatcca ttgcattcga tatcagtgag aaggctaaag 660
gaaacgaaag atggttttat gtttttgacg gaccagtcct acattgatgt tttacctgag 720
ttcagagatt cttaccccat taagtatgtce catgcctttyg aaagcaacaa ttttatttac 780
ttettgacgg tccaaaggga aactctagat getcagactt ttcacacaag aataatcagg 840
ttectgtteca taaactctgg attgcattce tacatggaaa tgcctctgga gtgtattcete 900
acagaaaaga gaaaaaagag atccacaaag aaggaagtgt ttaatatact tcaggctgcg 960
tatgtcagca agcctggggce ccagcttgct agacaaatag gagccagcct gaatgatgac 1020
attctttteg gggtgttege acaaagcaag ccagattcectg ccgaaccaat ggatcgatct 1080
gccatgtgtyg cattccctat caaatatgtc aacgacttcect tcaacaagat cgtcaacaaa 1140
aacaatgtga gatgtctcca gcatttttac ggacccaatc atgagcactg ctttaatagg 1200
acacttctga gaaattcatc aggctgtgaa gcgcgcegtg atgaatatcg aacagagttt 1260
accacagctt tgcagcgegt tgacttattc atgggtcaat tcagcgaagt cctcttaaca 1320
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tctatatcca ccttcattaa aggagacctce accatagcta atcttgggac atcagagggt 1380
cgcttcatge aggttgtggt ttcectcgatca ggaccatcaa cccctcatgt gaattttcecte 1440
ctggactccce atccagtgtce tccagaagtg attgtggagce atacattaaa ccaaaatggce 1500
tacacactgg ttatcactgg gaagaagatc acgaagatcc cattgaatgg cttgggctgce 1560
agacatttcc agtcctgcag tcaatgeccte tctgccccac cectttgtteca gtgtggetgg 1620
tgccacgaca aatgtgtgceg atcggaggaa tgcctgageg ggacatggac tcaacagatc 1680
tgtctgectyg caatctacaa ggtttteccca aatagtgcac ceccttgaagg agggacaagg 1740
ctgaccatat gtggctggga ctttggattt cggaggaata ataaatttga tttaaagaaa 1800
actagagttc tccttggaaa tgagagctgce accttgactt taagtgagag cacgatgaat 1860
acattgaaat gcacagttgg tcctgccatg aataagcatt tcaatatgtc cataattatt 1920
tcaaatggcce acgggacaac acaatacagt acattctcect atgtggatcce tgtaataaca 1980
agtatttcge cgaaatacgg tcecctatggct ggtggcactt tacttacttt aactggaaat 2040
tacctaaaca gtgggaattc tagacacatt tcaattggtg gaaaaacatg tactttaaaa 2100
agtgtgtcaa acagtattct tgaatgttat accccagccc aaaccatttc aactgagttt 2160
gctgttaaat tgaaaattga cttagccaac cgagagacaa gcatcttcag ttaccgtgaa 2220
gatcccattg tctatgaaat tcatccaacc aaatctttta ttagtggtgg gagcacaata 2280
acaggtgttg ggaaaaacct gaattcagtt agtgtcccga gaatggtcat aaatgtgcat 2340
gaagcaggaa ggaactttac agtggcatgt caacatcgct ctaattcaga gataatctgt 2400
tgtaccactc cttcecctgca acagctgaat ctgcaactcce ccctgaaaac caaagccttt 2460
ttcatgttag atgggatcct ttccaaatac tttgatctca tttatgtaca taatcctgtg 2520
tttaagcctt ttgaaaagcc agtgatgatc tcaatgggca atgaaaatgt actggaaatt 2580
aagggaaatg atattgaccc tgaagcagtt aaaggtgaag tgttaaaagt tggaaataag 2640
agctgtgaga atatacactt acattctgaa gccgttttat gcacggtccce caatgacctg 2700
ctgaaattga acagcgagct aaatatagag tggaagcaag caatttcttc aaccgtcctt 2760
ggaaaagtaa tagttcaacc agatcagaat ttcacagcta gctctgacta caaggacgac 2820
gatgacaaga gcgattacaa agacgatgat gataagctgc agcatcacca ccatcatcac 2880
cattga 2886
<210> SEQ ID NO 3
<211> LENGTH: 1590
<212> TYPE: DNA
<213> ORGANISM: artificial
<220> FEATURE:
<223> OTHER INFORMATION: Coding sequence of Sema FLAGhis
<400> SEQUENCE: 3
atgaaggcce ccgcetgtget tgcacctgge atectegtge tectgtttac cttggtgcag 60
aggagcaatg gggagtgtaa agaggcacta gcaaagtccg agatgaatgt gaatatgaag 120
tatcagctte ccaacttcac cgcggaaaca cccatccaga atgtcattcet acatgagcat 180
cacattttee ttggtgccac taactacatt tatgttttaa atgaggaaga ccttcagaag 240
gttgctgagt acaagactgg gcctgtgcetg gaacacccag attgtttecce atgtcaggac 300
tgcagcagca aagccaattt atcaggaggt gtttggaaag ataacatcaa catggctcta 360
gttgtcgaca cctactatga tgatcaactc attagectgtg gcagcgtcaa cagagggacce 420
tgccagcgac atgtctttcce ccacaatcat actgctgaca tacagtcgga ggttcactge 480
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atattctccee cacagataga agagcccage cagtgtcectyg actgtgtggt gagegecctg 540
ggagccaaag tcctttcate tgtaaaggac cggttcatca acttctttgt aggcaatacce 600
ataaattctt cttatttccc agatcatcca ttgcattcga tatcagtgag aaggctaaag 660
gaaacgaaag atggttttat gtttttgacg gaccagtcct acattgatgt tttacctgag 720
ttcagagatt cttaccccat taagtatgtce catgcctttyg aaagcaacaa ttttatttac 780
ttettgacgg tccaaaggga aactctagat getcagactt ttcacacaag aataatcagg 840
ttectgtteca taaactctgg attgcattce tacatggaaa tgcctctgga gtgtattcete 900
acagaaaaga gaaaaaagag atccacaaag aaggaagtgt ttaatatact tcaggctgcg 960
tatgtcagca agcctggggce ccagcttgct agacaaatag gagccagcct gaatgatgac 1020
attctttteg gggtgttege acaaagcaag ccagattcectg ccgaaccaat ggatcgatct 1080
gccatgtgtyg cattccctat caaatatgtc aacgacttcect tcaacaagat cgtcaacaaa 1140
aacaatgtga gatgtctcca gcatttttac ggacccaatc atgagcactg ctttaatagg 1200
acacttctga gaaattcatc aggctgtgaa gcgcgcegtg atgaatatcg aacagagttt 1260
accacagctt tgcagcgegt tgacttattc atgggtcaat tcagcgaagt cctcttaaca 1320
tctatatcca ccttcattaa aggagacctce accatagcta atcttgggac atcagagggt 1380
cgcttcatge aggttgtggt ttcectcgatca ggaccatcaa cccctcatgt gaattttcecte 1440
ctggactccce atccagtgtce tccagaagtg attgtggagce atacattaaa ccaaaatggce 1500
gctagctetyg actacaagga cgacgatgac aagagcgatt acaaagacga tgatgataag 1560
ctgcagcatc accaccatca tcaccattag 1590
<210> SEQ ID NO 4
<211> LENGTH: 1779
<212> TYPE: DNA
<213> ORGANISM: artificial
<220> FEATURE:
<223> OTHER INFORMATION: Coding sequence of Sema-PSI_FLAGhis
<400> SEQUENCE: 4
atgaaggcce ccgcetgtget tgcacctgge atectegtge tectgtttac cttggtgcag 60
aggagcaatg gggagtgtaa agaggcacta gcaaagtccg agatgaatgt gaatatgaag 120
tatcagctte ccaacttcac cgcggaaaca cccatccaga atgtcattcet acatgagcat 180
cacattttee ttggtgccac taactacatt tatgttttaa atgaggaaga ccttcagaag 240
gttgctgagt acaagactgg gcctgtgcetg gaacacccag attgtttecce atgtcaggac 300
tgcagcagca aagccaattt atcaggaggt gtttggaaag ataacatcaa catggctcta 360
gttgtcgaca cctactatga tgatcaactc attagectgtg gcagcgtcaa cagagggacce 420
tgccagcgac atgtctttcce ccacaatcat actgctgaca tacagtcgga ggttcactge 480
atattctccee cacagataga agagcccage cagtgtcectyg actgtgtggt gagegecctg 540
ggagccaaag tcctttcate tgtaaaggac cggttcatca acttctttgt aggcaatacce 600
ataaattctt cttatttccc agatcatcca ttgcattcga tatcagtgag aaggctaaag 660
gaaacgaaag atggttttat gtttttgacg gaccagtcct acattgatgt tttacctgag 720
ttcagagatt cttaccccat taagtatgtce catgcctttyg aaagcaacaa ttttatttac 780
ttettgacgg tccaaaggga aactctagat getcagactt ttcacacaag aataatcagg 840
ttectgtteca taaactctgg attgcattce tacatggaaa tgcctctgga gtgtattcete 900
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acagaaaaga gaaaaaagag atccacaaag aaggaagtgt ttaatatact tcaggctgcg 960
tatgtcagca agcctggggce ccagcttgct agacaaatag gagccagcct gaatgatgac 1020
attctttteg gggtgttege acaaagcaag ccagattcectg ccgaaccaat ggatcgatct 1080
gccatgtgtyg cattccctat caaatatgtc aacgacttcect tcaacaagat cgtcaacaaa 1140
aacaatgtga gatgtctcca gcatttttac ggacccaatc atgagcactg ctttaatagg 1200
acacttctga gaaattcatc aggctgtgaa gcgcgcegtg atgaatatcg aacagagttt 1260
accacagctt tgcagcgegt tgacttattc atgggtcaat tcagcgaagt cctcttaaca 1320
tctatatcca ccttcattaa aggagacctce accatagcta atcttgggac atcagagggt 1380
cgcttcatge aggttgtggt ttcectcgatca ggaccatcaa cccctcatgt gaattttcecte 1440
ctggactccce atccagtgtce tccagaagtg attgtggagce atacattaaa ccaaaatggce 1500
tacacactgg ttatcactgg gaagaagatc acgaagatcc cattgaatgg cttgggctgce 1560
agacatttcc agtcctgcag tcaatgeccte tctgccccac cectttgtteca gtgtggetgg 1620
tgccacgaca aatgtgtgceg atcggaggaa tgcctgageg ggacatggac tcaacagatc 1680
tgtctgggag ctagctctga ctacaaggac gacgatgaca agagcgatta caaagacgat 1740
gatgataagc tgcagcatca ccaccatcat caccattga 1779
<210> SEQ ID NO 5
<211> LENGTH: 1458
<212> TYPE: DNA
<213> ORGANISM: artificial
<220> FEATURE:
<223> OTHER INFORMATION: Coding sequence of PSI-IPT_FLAGhis
<400> SEQUENCE: 5
atgaaggcce ccgcetgtget tgcacctgge atectegtge tectgtttac cttggtgcag 60
aggagcaatg ggtacacact ggttatcact gggaagaaga tcacgaagat cccattgaat 120
ggcttggget gcagacattt ccagtcctge agtcaatgec tetcetgecce accetttgtt 180
cagtgtgget ggtgccacga caaatgtgtg cgatcggagyg aatgectgag cgggacatgg 240
actcaacaga tctgtctgcce tgcaatctac aaggttttec caaatagtge acccecttgaa 300
ggagggacaa ggctgaccat atgtggctgg gactttggat ttcggaggaa taataaattt 360
gatttaaaga aaactagagt tctccttgga aatgagagcet gcaccttgac tttaagtgag 420
agcacgatga atacattgaa atgcacagtt ggtcctgcca tgaataagca tttcaatatg 480
tccataatta tttcaaatgg ccacgggaca acacaataca gtacattctce ctatgtggat 540
cctgtaataa caagtatttc gccgaaatac ggtcectatgg ctggtggcac tttacttact 600
ttaactggaa attacctaaa cagtgggaat tctagacaca tttcaattgg tggaaaaaca 660
tgtactttaa aaagtgtgtc aaacagtatt cttgaatgtt ataccccagce ccaaaccatt 720
tcaactgagt ttgctgttaa attgaaaatt gacttagcca accgagagac aagcatctte 780
agttaccgtg aagatcccat tgtctatgaa attcatccaa ccaaatcttt tattagtggt 840
gggagcacaa taacaggtgt tgggaaaaac ctgaattcag ttagtgtccc gagaatggtce 900
ataaatgtgc atgaagcagg aaggaacttt acagtggcat gtcaacatcyg ctctaattca 960
gagataatct gttgtaccac tccttcectg caacagctga atctgcaact cccectgaaa 1020
accaaagcct ttttcatgtt agatgggatc ctttccaaat actttgatct catttatgta 1080
cataatcctg tgtttaagec ttttgaaaag ccagtgatga tctcaatggg caatgaaaat 1140
gtactggaaa ttaagggaaa tgatattgac cctgaagcag ttaaaggtga agtgttaaaa 1200
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gttggaaata agagctgtga gaatatacac ttacattctg
cccaatgace tgctgaaatt gaacagcgag ctaaatatag
tcaaccgtcee ttggaaaagt aatagttcaa ccagatcaga
tacaaggacg acgatgacaa gagcgattac aaagacgatg
caccatcatc accattag

<210> SEQ ID NO 6

<211> LENGTH: 1290

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Coding sequence of
<400> SEQUENCE: 6

atgaaggcce ccgetgtget tgcacctgge atcctegtge
aggagcaatyg gggagggggyg cggtggatcce cctgcaatct
gcaccccttyg aaggagggac aaggctgacc atatgtgget
aataataaat ttgatttaaa gaaaactaga gttctccttg
actttaagtg agagcacgat gaatacattg aaatgcacag
catttcaata tgtccataat tatttcaaat ggccacggga
tcctatgtgg atcctgtaat aacaagtatt tcgccgaaat
actttactta ctttaactgg aaattaccta aacagtggga
ggtggaaaaa catgtacttt aaaaagtgtg tcaaacagta
gcecaaacca tttcaactga gtttgetgtt aaattgaaaa
acaagcatct tcagttaccg tgaagatccce attgtctatg
tttattagtg gtgggagcac aataacaggt gttgggaaaa
ccgagaatgg tcataaatgt gcatgaagca ggaaggaact
cgctcectaatt cagagataat ctgttgtacce actccttece
ctecceectga aaaccaaage ctttttcatg ttagatggga
ctcatttatg tacataatcc tgtgtttaag ccttttgaaa
ggcaatgaaa atgtactgga aattaaggga aatgatattg
gaagtgttaa aagttggaaa taagagctgt gagaatatac
ttatgcacgg tccccaatga cctgctgaaa ttgaacageg
caagcaattt cttcaaccgt ccttggaaaa gtaatagtte
gctagetetyg actacaagga cgacgatgac aagagcgatt
ctgcagcate accaccatca tcaccattga

<210> SEQ ID NO 7

<211> LENGTH: 1008

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Coding sequence of
<400> SEQUENCE: 7

atgaaggcce ccgetgtget tgcacctgge atectegtge

aggagcaatyg gggaggggygg cggtggatct cctgtaataa

aagccgtttt atgcacggte

agtggaagca agcaatttct

atttcacagc tagctctgac

atgataagct gcagcatcac

IPT_FLAGhis

tcctgtttac cttggtgeag

acaaggtttt cccaaatagt

gggactttgg atttcggagg

gaaatgagag ctgcaccttg

ttggtcctge catgaataag

caacacaata cagtacattc

acggtecctat ggctggtgge

attctagaca catttcaatt

ttcttgaatyg ttatacccca

ttgacttage caaccgagag

aaattcatcc aaccaaatct

acctgaattc agttagtgtce

ttacagtggc atgtcaacat

tgcaacagct gaatctgcaa

tcctttecaa atactttgat

agccagtgat gatctcaatg

accctgaage agttaaaggt

acttacattc tgaagcegtt

agctaaatat agagtggaag

aaccagatca gaatttcaca

acaaagacga tgatgataag

IPTdeltal FLAGhis

tcctgtttac cttggtgeag

caagtatttc gccgaaatac

1260

1320

1380

1440

1458

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1290

60

120
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ggtectatgyg ctggtggcac tttacttact ttaactggaa attacctaaa cagtgggaat 180
tctagacaca tttcaattgg tggaaaaaca tgtactttaa aaagtgtgtc aaacagtatt 240
cttgaatgtt ataccccagce ccaaaccatt tcaactgagt ttgctgttaa attgaaaatt 300
gacttagcca accgagagac aagcatcttc agttaccgtg aagatcccat tgtctatgaa 360
attcatccaa ccaaatcttt tattagtggt gggagcacaa taacaggtgt tgggaaaaac 420
ctgaattcag ttagtgtccce gagaatggtce ataaatgtge atgaagcagyg aaggaacttt 480
acagtggcat gtcaacatcg ctctaattca gagataatct gttgtaccac tccttcectg 540
caacagctga atctgcaact ccccctgaaa accaaagect ttttcatgtt agatgggate 600
ctttccaaat actttgatct catttatgta cataatcctg tgtttaagcce ttttgaaaag 660
ccagtgatga tctcaatggg caatgaaaat gtactggaaa ttaagggaaa tgatattgac 720
cctgaagcag ttaaaggtga agtgttaaaa gttggaaata agagctgtga gaatatacac 780
ttacattctg aagcegtttt atgcacggte ceccaatgacce tgctgaaatt gaacagcgag 840
ctaaatatag agtggaagca agcaatttct tcaaccgtece ttggaaaagt aatagttcaa 900
ccagatcaga atttcacagc tagctctgac tacaaggacyg acgatgacaa gagcgattac 960
aaagacgatg atgataagct gcagcatcac caccatcatc accattga 1008
<210> SEQ ID NO 8
<211> LENGTH: 753
<212> TYPE: DNA
<213> ORGANISM: artificial
<220> FEATURE:
<223> OTHER INFORMATION: Coding sequence of IPTdeltal-2_FLAGhis
<400> SEQUENCE: 8
atgaaggcce ccgcetgtget tgcacctgge atectegtge tectgtttac cttggtgcag 60
aggagcaatg gggagggggyg cggtggatct ceccattgtet atgaaattca tccaaccaaa 120
tcttttatta gtggtgggag cacaataaca ggtgttggga aaaacctgaa ttcagttagt 180
gteccgagaa tggtcataaa tgtgcatgaa gcaggaagga actttacagt ggcatgtcaa 240
catcgetcta attcagagat aatctgttgt accactcctt cectgcaaca gctgaatctg 300
caactccccee tgaaaaccaa agecttttte atgttagatg ggatccttte caaatacttt 360
gatctcattt atgtacataa tcctgtgttt aagccttttg aaaagccagt gatgatctca 420
atgggcaatg aaaatgtact ggaaattaag ggaaatgata ttgaccctga agcagttaaa 480
ggtgaagtgt taaaagttgg aaataagagc tgtgagaata tacacttaca ttctgaagec 540
gttttatgca cggtccccaa tgacctgetg aaattgaaca gcgagctaaa tatagagtgg 600
aagcaagcaa tttcttcaac cgtccttgga aaagtaatag ttcaaccaga tcagaattte 660
acagctagcet ctgactacaa ggacgacgat gacaagagceg attacaaaga cgatgatgat 720
aagctgcagce atcaccacca tcatcaccat tga 753
<210> SEQ ID NO 9
<211> LENGTH: 471
<212> TYPE: DNA
<213> ORGANISM: artificial
<220> FEATURE:
<223> OTHER INFORMATION: Coding sequence of IPT3_FLAGhis
<400> SEQUENCE: 9
atgaaggcce ccgcetgtget tgcacctgge atectegtge tectgtttac cttggtgcag 60
aggagcaatg gggagggggyg cggtggatct ceccattgtet atgaaattca tccaaccaaa 120
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tcttttatta gtggtgggag cacaataaca ggtgttggga aaaacctgaa ttcagttagt 180
gteccgagaa tggtcataaa tgtgcatgaa gcaggaagga actttacagt ggcatgtcaa 240
catcgetcta attcagagat aatctgttgt accactcctt cectgcaaca gctgaatctg 300
caactccccee tgaaaaccaa agecttttte atgttagatg ggatccttte caaatacttt 360
gatctcattt atgtacataa tgctagctct gactacaagg acgacgatga caagagcgat 420
tacaaagacg atgatgataa gctgcagcat caccaccatc atcaccattg a 471
<210> SEQ ID NO 10
<211> LENGTH: 462
<212> TYPE: DNA
<213> ORGANISM: artificial
<220> FEATURE:
<223> OTHER INFORMATION: Coding sequence of IPT4_FLAGhis
<400> SEQUENCE: 10
atgaaggcce ccgcetgtget tgcacctgge atectegtge tectgtttac cttggtgcag 60
aggagcaatg gggagggggyg cggtggatct cctgtgttta agecttttga aaagcecagtg 120
atgatctcaa tgggcaatga aaatgtactg gaaattaagg gaaatgatat tgaccctgaa 180
gcagttaaag gtgaagtgtt aaaagttgga aataagagct gtgagaatat acacttacat 240
tctgaageceg ttttatgcac ggtccccaat gacctgctga aattgaacag cgagctaaat 300
atagagtgga agcaagcaat ttcttcaacc gtecttggaa aagtaatagt tcaaccagat 360
cagaatttca cagctagctc tgactacaag gacgacgatyg acaagagcga ttacaaagac 420
gatgatgata agctgcagca tcaccaccat catcaccatt ga 462
<210> SEQ ID NO 11
<211> LENGTH: 2040
<212> TYPE: DNA
<213> ORGANISM: artificial
<220> FEATURE:
<223> OTHER INFORMATION: Coding sequence for Met delta 25-741
<400> SEQUENCE: 11
atgaaggcce ccgcetgtget tgcacctgge atectegtge tectgtttac cttggtgcag 60
aggagcaatg gggagggggyg cggtggatct ceccattgtet atgaaattca tccaaccaaa 120
tcttttatta gtggtgggag cacaataaca ggtgttggga aaaacctgaa ttcagttagt 180
gteccgagaa tggtcataaa tgtgcatgaa gcaggaagga actttacagt ggcatgtcaa 240
catcgetcta attcagagat aatctgttgt accactcctt cectgcaaca gctgaatctg 300
caactccccee tgaaaaccaa agecttttte atgttagatg ggatccttte caaatacttt 360
gatctcattt atgtacataa tcctgtgttt aagccttttg aaaagccagt gatgatctca 420
atgggcaatg aaaatgtact ggaaattaag ggaaatgata ttgaccctga agcagttaaa 480
ggtgaagtgt taaaagttgg aaataagagc tgtgagaata tacacttaca ttctgaagec 540
gttttatgca cggtccccaa tgacctgetg aaattgaaca gcgagctaaa tatagagtgg 600
aagcaagcaa tttcttcaac cgtccttgga aaagtaatag ttcaaccaga tcagaattte 660
acaggattga ttgctggtgt tgtctcaata tcaacagcac tgttattact acttgggttt 720
ttectgtgge tgaaaaagag aaagcaaatt aaagatctgg gcagtgaatt agttcgctac 780
gatgcaagag tacacactcc tcatttggat aggcttgtaa gtgcccgaag tgtaagccca 840
actacagaaa tggtttcaaa tgaatctgta gactaccgag ctacttttcce agaagatcag 900
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tttcectaatt catctcagaa cggttcatge cgacaagtge agtatcctcet gacagacatg
tccecccatee taactagtgg ggactctgat atatccagte cattactgca aaatactgte
cacattgacc tcagtgctcet aaatccagag ctggtccagg cagtgcagca tgtagtgatt
gggcccagta gectgattgt gecatttcaat gaagtcatag gaagagggca ttttggttgt
gtatatcatg ggactttgtt ggacaatgat ggcaagaaaa ttcactgtgce tgtgaaatcc
ttgaacagaa tcactgacat aggagaagtt tcccaatttce tgaccgaggg aatcatcatg
aaagatttta gtcatcccaa tgtecteteg ctectgggaa tetgectgeg aagtgaaggg
tcteegetgyg tggtectace atacatgaaa catggagatce ttcgaaattt cattcgaaat
gagactcata atccaactgt aaaagatctt attggctttg gtcttcaagt agecaaaggce
atgaaatatc ttgcaagcaa aaagtttgte cacagagact tggctgcaag aaactgtatg
ctggatgaaa aattcacagt caaggttgct gattttggte ttgeccagaga catgtatgat
aaagaatact atagtgtaca caacaaaaca ggtgcaaagc tgccagtgaa gtggatggcet
ttggaaagtc tgcaaactca aaagtttacce accaagtcag atgtgtggte ctttggegtg
ctecectetggyg agetgatgac aagaggagece ccaccttatce ctgatgtaaa cacctttgat
ataactgttt acttgttgca agggagaaga ctectacaac ccgaatactg cccagacccce
ttatatgaag taatgctaaa atgctggecac cctaaagceg aaatgegece atccttttet
gaactggtgt cccggatatc agcaatctte tctactttca ttggggagca ctatgtecat
gtgaacgcta cttatgtgaa cgtaaaatgt gtcgctccat atccttetet gttgtcatca
gaagataacg ctgatgatga ggtggacaca cgaccagcct ccttetggga gacatcatag
<210> SEQ ID NO 12

<211> LENGTH: 2259

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Coding sequence for HGF_MYChis

<400> SEQUENCE: 12

atgtgggtga ccaaactcct gecagecctg ctgctgeage atgtcctect gecatctecte
ctgcteccca tegecatecee ctatgecagag ggacaaagga aaagaagaaa tacaattcat
gaattcaaaa aatcagcaaa gactacccta atcaaaatag atccagcact gaagataaaa
accaaaaaag tgaatactgc agaccaatgt gctaatagat gtactaggaa taaaggactt
ccattcactt gcaaggettt tgtttttgat aaagcaagaa aacaatgect ctggttcccce
ttcaatagca tgtcaagtgg agtgaaaaaa gaatttggec atgaatttga cctctatgaa
aacaaagact acattagaaa ctgcatcatt ggtaaaggac gcagctacaa gggaacagta
tctatcacta agagtggcat caaatgtcag ccctggagtt ccatgatace acacgaacac
agctttttge cttecgageta teggggtaaa gacctacagg aaaactactyg tcgaaatcct
cgaggggaag aagggggacce ctggtgttte acaagcaatc cagaggtacg ctacgaagtce
tgtgacattc ctcagtgtte agaagttgaa tgcatgacct gecaatgggga gagttatcga
ggtctcatgg atcatacaga atcaggcaag atttgtcage gectgggatca tcagacacca
caccggcaca aattcttgec tgaaagatat cccgacaagg getttgatga taattattge
cgcaatcceg atggecagece gaggccatgg tgctatacte ttgacectca caccegetgg

gagtactgtyg caattaaaac atgcgctgac aatactatga atgacactga tgttectttg

gaaacaactg aatgcatcca aggtcaagga gaaggctaca ggggcactgt caataccatt

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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-continued
tggaatggaa ttccatgtca gcgttgggat tctcagtatc ctcacgagca tgacatgact 1020
cctgaaaatt tcaagtgcaa ggacctacga gaaaattact gccgaaatcce agatgggtct 1080
gaatcaccct ggtgttttac cactgatcca aacatccgag ttggctactg ctcecccaaatt 1140
ccaaactgtg atatgtcaca tggacaagat tgttatcgtg ggaatggcaa aaattatatg 1200
ggcaacttat cccaaacaag atctggacta acatgttcaa tgtgggacaa gaacatggaa 1260
gacttacatc gtcatatctt ctgggaacca gatgcaagta agctgaatga gaattactgce 1320
cgaaatccag atgatgatgc tcatggaccce tggtgctaca cgggaaatcc actcattcect 1380
tgggattatt gccctattte tegttgtgaa ggtgatacca cacctacaat agtcaattta 1440
gaccatceceg taatatcttg tgccaaaacg aaacaattgc gagttgtaaa tgggattcca 1500
acacgaacaa acataggatg gatggttagt ttgagataca gaaataaaca tatctgcgga 1560
ggatcattga taaaggagag ttgggttctt actgcacgac agtgtttccce ttctcgagac 1620
ttgaaagatt atgaagcttg gcttggaatt catgatgtcc acggaagagg agatgagaaa 1680
tgcaaacagg ttctcaatgt ttcccagcectg gtatatggcce ctgaaggatc agatctggtt 1740
ttaatgaagc ttgccaggcc tgctgtectg gatgattttg ttagtacgat tgatttacct 1800
aattatggat gcacaattcc tgaaaagacc agttgcagtg tttatggctg gggctacact 1860
ggattgatca actatgatgg cctattacga gtggcacatc tctatataat gggaaatgag 1920
aaatgcagcc agcatcatcg agggaaggtg actctgaatg agtctgaaat atgtgctggg 1980
gctgaaaaga ttggatcagg accatgtgag ggggattatg gtggcccact tgtttgtgag 2040
caacataaaa tgagaatggt tcttggtgtc attgttectg gtcgtggatg tgccattcca 2100
aatcgtectg gtatttttgt ccgagtagca tattatgcaa aatggataca caaaattatt 2160
ttaacatata aggtaccaca gtcagctagc gaacaaaaac tcatctcaga agaggatctg 2220
aatggagggc tcgagcatca ccaccatcac catcattga 2259
<210> SEQ ID NO 13
<211> LENGTH: 1494
<212> TYPE: DNA
<213> ORGANISM: artificial
<220> FEATURE:
<223> OTHER INFORMATION: Coding sequence of HGF-alfa MYChis
<400> SEQUENCE: 13
atgtgggtga ccaaactcct gccageectg ctgetgcage atgtectect gcatctecte 60
ctgcteccca tegecateccee ctatgcagag ggacaaagga aaagaagaaa tacaattcat 120
gaattcaaaa aatcagcaaa gactacccta atcaaaatag atccagcact gaagataaaa 180
accaaaaaag tgaatactgc agaccaatgt gctaatagat gtactaggaa taaaggactt 240
ccattcactt gcaaggcettt tgtttttgat aaagcaagaa aacaatgcct ctggttccce 300
ttcaatagca tgtcaagtgg agtgaaaaaa gaatttggec atgaatttga cctctatgaa 360
aacaaagact acattagaaa ctgcatcatt ggtaaaggac gcagctacaa gggaacagta 420
tctatcacta agagtggcat caaatgtcag ccctggagtt ccatgatacc acacgaacac 480
agcetttttge cttegageta tcggggtaaa gacctacagg aaaactactyg tcgaaatcct 540
cgaggggaag aagggggacc ctggtgtttce acaagcaatc cagaggtacyg ctacgaagte 600
tgtgacattc ctcagtgttc agaagttgaa tgcatgacct gcaatgggga gagttatcga 660
ggtctcatgyg atcatacaga atcaggcaag atttgtcagce gctgggatca tcagacacca 720
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caccggcaca aattcttgece tgaaagatat cccgacaagg

cgcaatcceg atggecagee gaggccatgg tgctatacte

gagtactgtg caattaaaac atgcgctgac aatactatga

gaaacaactg aatgcatcca aggtcaagga gaaggctaca

tggaatggaa ttccatgtca gegttgggat tctcagtate

cctgaaaatt tcaagtgcaa ggacctacga gaaaattact

gaatcaccct ggtgttttac cactgatcca aacatccgag

ccaaactgtyg atatgtcaca tggacaagat tgttategtg

ggcaacttat cccaaacaag atctggacta acatgttcaa

gacttacatc gtcatatctt ctgggaacca gatgcaagta

cgaaatccag atgatgacge tcatggacce tggtgctaca

tgggattatt gcectattte tegttgtgaa ggtgataceg

tcagaagagyg atctgaatgg agggctcgag catcaccacce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 14

LENGTH: 705

TYPE: DNA

ORGANISM: artificial

FEATURE:

OTHER INFORMATION: Coding sequence of

SEQUENCE: 14

atgtgggtga ccaaactcct gecagecctg ctgetgeage

ctgcteccca tegecatecee ctatgcagag ggacaaagga

gaattcaaaa aatcagcaaa gactacccta atcaaaatag

accaaaaaag tgaatactgce agaccaatgt gctaatagat

ccattcactt gcaaggettt tgtttttgat aaagcaagaa

ttcaatagca tgtcaagtgg agtgaaaaaa gaatttggec

aacaaagact acattagaaa ctgcatcatt ggtaaaggac

tctatcacta agagtggcat caaatgtcag ccctggagtt

agctttttge cttegageta teggggtaaa gacctacagg

cgaggggaag aagggggacce ctggtgttte acaagcaatce

tgtgacattc ctcagtgtte agaagttgaa gctagegaac

gatctgaatyg gagggctcga gcatcaccac catcaccatce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 15

LENGTH: 903

TYPE: DNA

ORGANISM: artificial

FEATURE:

OTHER INFORMATION: Coding sequence of

SEQUENCE: 15

atgtgggtga ccaaactcct gecagecctg ctgetgeage

ctgcteccca tegecatecee ctatgcagag ggacaaagga

gaattcgttyg taaatgggat tccaacacga acaaacatag

tacagaaata aacatatctg cggaggatca ttgataaagg

cgacagtgtt tcectteteg agacttgaaa gattatgaag

getttgatga taattattge
ttgaccctca caccegetygyg
atgacactga tgttcctttyg
ggggcactgt caataccatt
ctcacgagca tgacatgact
gccgaaatce agatgggtet
ttggctactyg ctcccaaatt
ggaatggcaa aaattatatg
tgtgggacaa gaacatggaa
agctgaatga gaattactge
cgggaaatce actcattect
ctagcgaaca aaaactcatc

atcaccatca ttga

HGF NK1_MYChis

atgtcctect geatctecte

aaagaagaaa tacaattcat

atccagcact gaagataaaa

gtactaggaa taaaggactt

aacaatgect ctggttecce

atgaatttga cctctatgaa

gcagctacaa gggaacagta

ccatgatacc acacgaacac

aaaactactyg tcgaaatcct

cagaggtacg ctacgaagtc

aaaaactcat ctcagaagag

attga

HGF-beta_MYChis

atgtcctect geatctecte

aaagaagaaa tacaattcat

gatggatggt tagtttgaga

agagttgggt tcttactgca

cttggettgg aattcatgat

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1494

60

120

180

240

300

360

420

480

540

600

660

705

60

120

180

240

300
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gteccacggaa gaggagatga gaaatgcaaa caggttctca atgtttccca getggtatat 360
ggcectgaag gatcagatct ggttttaatg aagcttgcca ggectgetgt cctggatgat 420
tttgttagta cgattgattt acctaattat ggagccacaa ttcctgaaaa gaccagttge 480
agtgtttatg gctggggcta cactggattg atcaactatg atggcctatt acgagtggca 540
catctctata taatgggaaa tgagaaatgc agccagcatce atcgagggaa ggtgactctg 600
aatgagtctg aaatatgtgc tggggctgaa aagattggat caggaccatyg tgagggggat 660
tatggtggee cacttgtttg tgagcaacat aaaatgagaa tggttcttgg tgtcattgtt 720
cctggtegtyg gatgtgecat tccaaategt cectggtattt ttgtcecgagt agcatattat 780
gcaaaatgga tacacaaaat tattttaaca tataaggtac cacagtcagc tagcgaacaa 840
aaactcatct cagaagagga tctgaatgga gggctcegage atcaccacca tcaccatcat 900
tga 903
<210> SEQ ID NO 16
<211> LENGTH: 2259
<212> TYPE: DNA
<213> ORGANISM: artificial
<220> FEATURE:
<223> OTHER INFORMATION: Coding sequence of Uncleavable HGF_MYChis
<400> SEQUENCE: 16
atgtgggtga ccaaactcct gccageectg ctgetgcage atgtectect gcatctecte 60
ctgcteccca tegecateccee ctatgcagag ggacaaagga aaagaagaaa tacaattcat 120
gaattcaaaa aatcagcaaa gactacccta atcaaaatag atccagcact gaagataaaa 180
accaaaaaag tgaatactgc agaccaatgt gctaatagat gtactaggaa taaaggactt 240
ccattcactt gcaaggcettt tgtttttgat aaagcaagaa aacaatgcct ctggttccce 300
ttcaatagca tgtcaagtgg agtgaaaaaa gaatttggec atgaatttga cctctatgaa 360
aacaaagact acattagaaa ctgcatcatt ggtaaaggac gcagctacaa gggaacagta 420
tctatcacta agagtggcat caaatgtcag ccctggagtt ccatgatacc acacgaacac 480
agcetttttge cttegageta tcggggtaaa gacctacagg aaaactactyg tcgaaatcct 540
cgaggggaag aagggggacc ctggtgtttce acaagcaatc cagaggtacyg ctacgaagte 600
tgtgacattc ctcagtgttc agaagttgaa tgcatgacct gcaatgggga gagttatcga 660
ggtctcatgyg atcatacaga atcaggcaag atttgtcagce gctgggatca tcagacacca 720
caccggcaca aattcttgcce tgaaagatat cccgacaagg gcetttgatga taattattge 780
cgcaatcceg atggecagcece gaggccatgg tgctatacte ttgaccctca caccegetgg 840
gagtactgtyg caattaaaac atgcgctgac aatactatga atgacactga tgttcctttg 900
gaaacaactyg aatgcatcca aggtcaagga gaaggctaca ggggcactgt caataccatt 960
tggaatggaa ttccatgtca gcgttgggat tctcagtatc ctcacgagca tgacatgact 1020
cctgaaaatt tcaagtgcaa ggacctacga gaaaattact gccgaaatcce agatgggtct 1080
gaatcaccct ggtgttttac cactgatcca aacatccgag ttggctactg ctcecccaaatt 1140
ccaaactgtg atatgtcaca tggacaagat tgttatcgtg ggaatggcaa aaattatatg 1200
ggcaacttat cccaaacaag atctggacta acatgttcaa tgtgggacaa gaacatggaa 1260
gacttacatc gtcatatctt ctgggaacca gatgcaagta agctgaatga gaattactgce 1320
cgaaatccag atgatgatgc tcatggaccce tggtgctaca cgggaaatcc actcattcect 1380
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tgggattatt gccctattte tegttgtgaa ggtgatacca
gaccatcceg taatatcttg tgccaaaacg aaacaactge
acacgaacaa acataggatg gatggttagt ttgagataca
ggatcattga taaaggagag ttgggttctt actgcacgac
ttgaaagatt atgaagcttg gcttggaatt catgatgtcce
tgcaaacagg ttctcaatgt ttcccagetg gtatatggece
ttaatgaagc ttgccaggce tgctgtectyg gatgattttg
aattatggat gcacaattcc tgaaaagacc agttgcagtg
ggattgatca actatgatgg cctattacga gtggcacatc
aaatgcagcce agcatcatcg agggaaggtyg actctgaatg
gctgaaaaga ttggatcagg accatgtgag ggggattatg
caacataaaa tgagaatggt tcttggtgte attgttcctg
aatcgtcctg gtatttttgt ccgagtagca tattatgcaa
ttaacatata aggtaccaca gtcagctagc gaacaaaaac
aatggagggc tcgagcatca ccaccatcac catcattga
<210> SEQ ID NO 17

<211> LENGTH: 1197

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Coding sequence of
<400> SEQUENCE: 17

atgtgggtga ccaaactcct gecagecctyg ctgetgcage
ctgcteccca tegecatece ctatgcagag ggacaaagga
gaattcaaaa aatcagcaaa gactacccta atcaaaatag
accaaaaaag tgaatactgc agaccaatgt gctaatagat
ccattcactt gcaaggcttt tgtttttgat aaagcaagaa
ttcaatagca tgtcaagtgg agtgaaaaaa gaatttggece
aacaaagact acattagaaa ctgcatcatt ggtaaaggac
tctatcacta agagtggcat caaatgtcag ccctggagtt
agetttttge cttegageta tcggggtaaa gacctacagg
cgaggggaag aagggggacc ctggtgtttce acaagcaatce
tgtgacattc ctcagtgttc agaagttgaa gctagcgaat
accctaatca aaatagatcc agcactgaag ataaaaacca
caatgtgcta atagatgtac taggaataaa ggacttccat
tttgataaag caagaaaaca atgcctctgg ttccecttea
aaaaaagaat ttggccatga atttgacctce tatgaaaaca
atcattggta aaggacgcag ctacaaggga acagtatcta
tgtcagccct ggagttccat gataccacac gaacacaget

ggtaaagacc tacaggaaaa ctactgtcga aatcctcgag

tgtttcacaa gcaatccaga ggtacgctac gaagtctgtg

gttgaagcta gtgggggtygg tagtggagga gggcatcacc

cacctacaat agtcaattta

aggttgtaaa tgggattcca

gaaataaaca tatctgcgga

agtgtttcce ttectcegagac

acggaagagg agatgagaaa

ctgaaggatc agatctggtt

ttagtacgat tgatttacct

tttatggcetyg gggctacact

tctatataat gggaaatgag

agtctgaaat atgtgctggyg

gtggcccact tgtttgtgag

gtegtggatyg tgccattcca

aatggataca caaaattatt

tcatctcaga agaggatctg

NK1-NK1 his

atgtcctect geatctecte

aaagaagaaa tacaattcat

atccagcact gaagataaaa

gtactaggaa taaaggactt

aacaatgect ctggttecce

atgaatttga cctctatgaa

gcagctacaa gggaacagta

ccatgatacc acacgaacac

aaaactactyg tcgaaatcct

cagaggtacg ctacgaagtc

tcaaaaaatc agcaaagact

aaaaagtgaa tactgcagac

tcacttgcaa ggcttttgtt

atagcatgtc aagtggagtg

aagactacat tagaaactgc

tcactaagag tggcatcaaa

ttttgcctte gagctategy

gggaagaagg gggaccctgg

acattcctca gtgttcagaa

atcatcacca tcactga

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2259

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1197
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<210> SEQ ID NO 18
<211> LENGTH: 1218
<212> TYPE: DNA
<213> ORGANISM: artificial
<220> FEATURE:
<223> OTHER INFORMATION: Coding sequence of hAS _MYC
<400> SEQUENCE: 18
atggaacata aggaagtggt tcttctactt cttttattte tgaaatcagyg tcaaggagtg 60
tatctectcag agtgcaagac tgggaatgga aagaactaca gagggacgat gtccaaaaca 120
aaaaatggca tcacctgtca aaaatggagt tccacttcte cccacagacce tagattctca 180
cctgctacac accectcaga gggactggag gagaactact gcaggaatcce agacaacgat 240
cecgcagggge cctggtgeta tactactgat ccagaaaaga gatatgacta ctgcgacatt 300
cttgagtgtyg aagaggaatg tatgcattgc agtggagaaa actatgacgg caaaatttcce 360
aagaccatgt ctggactgga atgccaggcece tgggactcte agagcccaca cgctcatgga 420
tacattcctt ccaaatttcc aaacaagaac ctgaagaaga attactgtcg taaccccgat 480
agggagctge ggecttggtg tttcaccacce gaccccaaca agegetggga actttgcgac 540
atccecccget gcacaacacce tccaccatcet tetggtceca cctaccagtyg tctgaaggga 600
acaggtgaaa actatcgcgg gaatgtgget gttaccegttt cegggcacac ctgtcagcac 660
tggagtgcac agacccctca cacacataac aggacaccag aaaacttccce ctgcaaaaat 720
ttggatgaaa actactgccg caatcctgac ggaaaaaggg ccccatggtyg ccatacaacce 780
aacagccaag tgcggtggga gtactgtaag ataccgtect gtgactccte cccagtatce 840
acggaacaat tggctcccac agcaccacct gagctaacce ctgtggtceca ggactgctac 900
catggtgatg gacagagcta ccgaggcaca tcectccacca ccaccacagg aaagaagtgt 960
cagtcttggt catctatgac accacaccgg caccagaaga ccccagaaaa ctacccaaat 1020
gctggectga caatgaacta ctgcaggaat ccagatgcceg ataaaggccce ctggtgtttt 1080
accacagacc ccagcegtcag gtgggagtac tgcaacctga aaaaatgctc aggaacagaa 1140
geggctageyg aacaaaaact catctcagaa gaggatctga atggagggcet cgagcatcac 1200
caccatcacc atcattga 1218
<210> SEQ ID NO 19
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM: artificial

<220> FEATURE:
<223> OTHER INFORMATION: Flag at the C terminus

<400> SEQUENCE: 19

1

<210> SEQ ID NO 20
<211> LENGTH: 11

<212> TYPE:

<213> ORGANISM:

PRT

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 20

artificial

Ser Asp Tyr Lys Asp Asp Asp Asp Lys
5

Glu Gln Lys Leu Ile Ser Glu Glu Asp Leu Asn

1

5

10

Single Myc at the C terminus
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-continued

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 21
LENGTH: 7
TYPE: PRT
ORGANISM:
FEATURE:

OTHER INFORMATION: poly-histidine tag

artificial

<400> SEQUENCE: 21
His His His His His His His
1 5

The invention claimed is:

1. A method to detect the ability of a test agent to act as an
antagonist/inhibitor of hepatocyte growth factor receptor use-
ful in the treatment of cancer expressing hepatocyte growth
factor receptor (HGFR), wherein the test agent comprises a
polynucleotide molecule, the method comprising the steps of:

@

transfecting or transducing the test agent into cells express-
ing an engineered form of hepatocyte growth factor
receptor, wherein the engineered form of hepatocyte
growth factor receptor consists of the extra-cellular
Immunoglobulin-Plexin-Transcription factor homology
domain 3 (IPT-3) and the extracellular Immunoglobulin-
Plexin-Transcription factor homology domain 4 (IPT-4)
domains, the transmembrane helix and the full cytoplas-
mic region, wherein the IPT-3 domain is encoded by
bases 91 to 381 of SEQ ID NO: 9 and the IPT-4 domain
is encoded by bases 91 to 372 of SEQ ID NO: 10,

(b) testing the ability of hepatocyte growth factor to acti-
vate the engineered form of hepatocyte growth factor
receptor expressed by said cells in presence of said test
agent by measuring hepatocyte growth factor receptor
activity, function, stability and/or expression, and

(c) selecting the test agent that reduces hepatocyte growth
factor receptor activity, function, stability and/or expres-
sion as said antagonist/inhibitor of hepatocyte growth
factor receptor useful in the treatment of cancer express-
ing hepatocyte growth factor receptor (HGFR).

2. Method according to claim 1, wherein said test agent
interferes with catalytic activity, function, stability and/or
expression of the engineered form of hepatocyte growth fac-
tor receptor.

3. Method according to claim 1, wherein said test agent
down-regulates catalytic activity, function, stability and/or
expression of the engineered form of hepatocyte growth fac-
tor receptor.

4. Method according to claim 1, wherein said test agent is
selected from the group consisting of, aptamers, antisense
nucleotides, RNA-based inhibitors, siRNAs, and polynucle-
otide molecules encoding antibodies, peptides, or dominant
negative factors.
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5. Method according to claim 1, wherein the cancer is a
cancer with dysregulation of hepatocyte growth factor recep-
tor activity.

6. A method of identifying a pharmaceutical active agent
suitable for use in the treatment of cancer, comprising the
steps of:

@

providing a test agent in form of a polynucleotide mol-
ecule,

(b) transfecting or transducing the test agent into cells
expressing an engineered form of hepatocyte growth
factor receptor, wherein the engineered form of hepato-
cyte growth factor receptor consists of the extra-cellular
Immunoglobulin-Plexin-Transcription factor homology
domain 3 (IPT-3) and the extracellular Immunoglobulin-
Plexin-Transcription factor homology domain 4 (IPT-4)
domains, the transmembrane helix and the full cytoplas-
mic region, wherein the IPT-3 domain is encoded by
bases 91 to 381 of SEQ ID NO: 9 and the IPT-4 domain
is encoded by bases 91 to 372 of SEQ ID NO: 10,

(c) testing the ability of hepatocyte growth factor to acti-
vate the engineered form of hepatocyte growth factor
receptor expressed by said cells by measuring hepato-
cyte growth factor receptor activity, function, stability
and/or expression in the presence and absence of said
test agent, and

(d) selecting a test agent that reduces hepatocyte growth
factor receptor activity, function, stability and/or expres-
sion as said pharmaceutically active agent suitable for
use in the treatment of cancer.

7. Method according to claim 6, wherein said measuring in
step b) comprises measuring cell signalling, cell survival, and
cell proliferation.

8. Method according to claim 6, wherein said agent is
selected from the group consisting of, aptamers, antisense
nucleotides, RNA-based inhibitors, siRNAs, and polynucle-
otide molecules encoding antibodies, peptides, or dominant
negative factors.

9. Method according to claim 6, wherein the cancer is a
cancer with dysregulation of hepatocyte growth factor recep-
tor activity.



